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Aim.)e aim of this systematic review is to summarise the evidence of the effectiveness of interventions targeted to adolescents (13
to 18 years inclusive) and delivered in a secondary school setting with the purpose of improving sun protection behaviour,
reducing ultraviolet radiation (UVR) exposure, and/or improving physiological outcomes related to UVR exposure (such as
erythema or naevi development).Methods. Peer-reviewed journal articles were identified from seven database searches (Cochrane,
Embase, CINAHL, Scopus, Medline, PsycInfo, andWeb of Science) to January 2020, forward citation searches of relevant articles,
and monitoring of WHO INTERSUN UVR list server for recent publications. Relevant articles were collected and critically
analysed using the Effective Public Health Practice framework. Two reviewers independently reviewed, and when deemed eligible,
extracted data and performed quality appraisals for each study. Results.)irteen studies met the criteria for inclusion in the review.
)ere were no studies that met a “strong” quality rating, five received a “moderate” quality rating, and eight studies a “weak”
quality rating. )ree of those with a moderate rating found evidence for effectiveness. )e most promising interventions overall
(including the pilot/uncontrolled studies) were those that moved beyond a pure health education approach and used innovative
approaches such as the provision of shade, or use of technology (e.g., appearance-based apps or real-time ultraviolet index (UVI)
monitors). Conclusions. )ere is a lack of high-quality published studies investigating the interventions delivered in a secondary
school setting to protect students from UVR. )e evidence could be strengthened if researchers used consistent, standardised
outcome measures for sun protection exposure and behaviour. Other factors limiting the strength of evidence were short follow-
up times (largely less than 6 months) and/or nonrobust study design.

1. Introduction

Skin cancer is an important public health issue with an
estimated 2 to 3 million keratinocytic cancers and 132,000
melanoma skin cancers diagnosed annually worldwide [1].
)e population burden of skin cancer mortality and mor-
bidity places a high and increasing cost on treatment services
[2, 3]. Yet the risk of developing skin cancer later in life can
be diminished by reducing exposure to ultraviolet radiation
(UVR) [4].

Although exposure to UVR throughout life is important
for skin cancer risk, it may be particularly crucial during
childhood and adolescence [5,6]. )ese age groups spend a

considerable amount of their time attending school and the
school day encompasses peak UVR time, which is a par-
ticularly important issue during the months when it is
seasonally at its highest. )ey can spend at least part of that
time outdoors and can consequently receive a substantial
proportion of their total UVR exposure while at school [7, 8].

)e recommendation of the US Community Services
Task Force, which aggregates scientific evidence for use in
community-based programmes and policies to improve
health, is that skin cancer interventions in primary and
middle schools are effective at improving sun protection
practices, reducing students’ UVR exposure, and subse-
quently reducing their skin cancer risk [9]. )ey report that
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there is insufficient evidence for the efficacy of interventions
in high school and college settings, which were assessed as
one entity as both settings are similarly structured in the US
[10]. For other parts of the world, including New Zealand
(NZ), the secondary school setting is very structured, but the
university setting is much less so. Accordingly, that review is
not optimal for such contexts.

)e aim of this systematic review is to summarise the
evidence about the effectiveness of interventions targeted to
adolescents (aged 13 to 18 years inclusive) and delivered in a
secondary school setting with the purpose of improving sun
protection behaviour, reducing UVR exposure and/or im-
proving physiological outcomes related to UVR exposure
(such as erythema or naevi development).

2. Methods

)e Effective Public Health Practice Project (EPHPP) pro-
cess for systematic review was followed [11]. )is method
allows for the assessment of both randomised controlled
trials (RCTs) but also nonrandomised studies specifically in
public health and health promotion.

)e lead author (together with one of the coauthors,
Associate Professor Reeder or Dr.Morgaine) was involved in
the literature search, study selection process, data extraction,
and quality assessment. At each point of the review process,
two reviewers (BM and either AR or KM) independently
made the assessment. Any differences were resolved after
discussion with the third reviewer (AR or KM) and con-
sensus was reached.

2.1. Question Formulation. Adhering to the EPHPP guide-
lines for question formulation, the research question de-
veloped was as follows:

Is there evidence for the effectiveness of interventions for
adolescents in secondary school settings which aim to

(i) Improve sun protection behaviour?
(ii) Achieve a reduction in UVR exposure?
(iii) Improve physiological outcomes related to UVR

exposure (such as erythema or naevi)?

2.2. Searching Literature. A comprehensive systematic
search of the published literature on interventions delivered
in a secondary school setting for the prevention of skin
cancer in adolescents was conducted using relevant index
search terms which encompassed age group, school setting,
interventions, sun protection behaviour, and outcomes of
interest (Supplementary File 1).)e databases searched were
CINAHL, Cochrane, Embase, Medline, PsycInfo, Scopus,
and Web of Science (Figure 1). All epidemiological studies
published up to 30 January 2020 were included (the search
was not limited to a start date so that all literature was
documented). In addition, for articles identified for inclu-
sion, reference lists were examined as well as a forward
citation search conducted. Two studies published after the
cut-off date of 30th January were identified in this way. )e
INTERSUN UVR list server, an important communication

tool facilitated by the WHO and frequented by many in-
ternational experts in the field, was also actively monitored
to identify recently published literature. Unpublished ma-
terial was not considered as it is not always easily accessible
and is not generally peer reviewed. All records identified
from the search process were exported to an EndNoteTM

referencing database. Duplicates were identified and re-
moved, and the remaining records were screened first by title
and then by abstract, independently by two reviewers. A
conservative approach was used to ensure that no potential
studies were missed. All articles judged potentially relevant
and meeting the eligibility criteria were reviewed in full text.

2.3. Study Selection

2.3.1. Population of Interest. )e population of interest was
adolescents (13–18 years inclusive). Interventions not ex-
clusively targeted to adolescents (for example, target group,
10 to 15 years) were only included if results for adolescents
were presented separately.

2.3.2. Interventions. Each intervention needed to be either
delivered in a secondary school setting exclusively, or if in a
combined primary and secondary school setting, the results
from the secondary school needed to be separately reported.
Interventions delivered outside the school setting (such as
online) were excluded. Both single-component and multi-
component interventions were potentially eligible.

2.3.3. Outcomes. Interventions that aimed to either improve
sun protection behaviour and/or reduce UVR exposure or
skin damage were included in the review. Only papers with
outcomes of “actual behaviour,” UVR exposure, or physi-
ological outcomes were included. )ese were sun protection
behaviour (use of sun protective hats, clothing, sunglasses,
sunscreen, or shade), reduced UVR exposure (staying in-
doors during peak UVR, or reduction in objectively mea-
sured UVR, self-reported intentional tanning or sunbed
use), and physiological outcomes (erythema, naevi devel-
opment, skin damage, or skin cancer development). Articles
where the outcome measures were exclusively knowledge,
attitudes, or intended behaviours were excluded as these did
not necessarily result in behaviour change [12], reduction in
UVR exposure, and subsequent decreased risk of skin
cancer.

3. Study Design

Randomised and nonrandomised controlled studies, and
those implemented before-after study designs, were in-
cluded in the quality assessment review. )ose papers
reporting on uncontrolled or pilot/feasibility studies were
excluded from quality review and evidence tables as these are
considered weak design or underpowered for detecting
statistical differences between groups. However, we con-
sidered it important to still report these studies as they can
potentially provide interesting and innovative ideas for
interventions that could be tested for effectiveness using a
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more robust study design. To be eligible, articles needed to
be available in the English language. Non-English articles
were excluded at the stage where an English translation was
not available (i.e., at title, abstract, or full paper stage). )is
enabled interventions delivered in languages other than
English to be documented. Articles not providing original
data (editorials, letters, and reviews) were excluded.

3.1. Determination of Study Quality. )e EPHPP tool was
used to assess six aspects of intervention quality (Table 1):
selection bias, study design, confounding, blinding, data
collection, and withdrawal/dropouts. Each dimension is
ranked on a three-point Likert-type scale (“weak”, “moder-
ate”, and “strong”) according to EPHPP guidelines [11]. A
total rating based on the individual ratings of the individual
components was calculated. Studies with a minimum of four
“strong” and no “weak” ratings were classified as “strong.”
)ose with four “strong” and one “weak” rated as “moderate”,
and those with two or more “weak” rated as “weak” [11].

3.2. Data Extraction and Synthesis. A standardised protocol
was used to extract the data from eligible articles. )is in-
cluded first author, data collection period, study design,
geographical area, target population, sampling frame,
sample population (including demographic characteristics),
theoretical framework, intervention (format, content, du-
ration, and delivery), control group, follow-up period, and
results. Two reviewers (BM and KM) completed the data

extraction and any discrepancies were reviewed and resolved
by discussion involving all three reviewers.

3.3. Data Synthesis. )e information from the data ex-
traction was synthesised narratively, but not quantitatively,
because of the large variability in the outcome measures.

4. Results

Figure 1 summarises the study selection process. A total of
3,159 records were retrieved when combining the results
from each of the seven database searches along with the
forward citation and bibliographic searches. After removal
of the duplicates (n� 368), 2,791 unique records were
identified. Of these, 2,393 were removed based on the title
and 278 on the abstract, leaving 120 papers for full review.
After fully reading the papers, 97 records were identified as
not meeting the eligibility criteria. In a further 10 articles, the
study design was either a pilot study or there was no control
group, so although these are described, they did not undergo
quality review. )e remaining 13 papers were assessed for
data quality.

4.1. Study Quality. Of the 13 studies, five were classified as
“moderate” [13–17] and eight as “weak” [12, 18–24]
according to the EPHPP quality criteria. )ere were no
studies rated as “strong” as they all had at least one “weak”
component rating. Selection bias was particularly prevalent

Web of Science 
n = 765

Not relevant (title) 

n = 2393 
Not on skin cancer prevention (n = 2111) 

Not original research (n = 15) 
Population not adolescents (n = 58) 

Not intervention (n = 188) 
Intervention not in school setting (n = 21)

Scopus 
n = 1464

PsycInfo 
n = 129

Medline 
(Ovid) 
n = 398

Reviewed title 
n = 2791

Review abstract 
n = 398 Not relevant (abstract) 

n = 278 
Abstract not available in English (n = 7) 
Not on skin cancer prevention (n = 35) 

Not original research (n = 45) 
Population not adolescents (n = 103) 

Not intervention (n = 63) 
Intervention—not school setting (n = 24) 

Not outcome of interest (n = 1) 

Removed duplicates 
n = 368 

Unique records 
n = 2791

CINAHL
n = 198

Cochrane 
n = 8

Embase 
n = 193

Review paper 
n = 120

Uncontrolled studies 
Pilot studies 

Feasibility studies 
n = 10

Not relevant (full paper) 

n = 97 
Paper not available in English (n = 3) 

Not original research (n = 28) 
Population not adolescents (n = 27) 

Not intervention (n = 3) 
Intervention—not school setting (n = 7) 

Not outcome of interest (n = 23) 
Abstract only available (n = 6) 

Forward citation and
bibliography searches 

n = 4

Controlled studies 
n = 13

Figure 1: Search strategy—interventions delivered in secondary school for adolescents.
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in getting “weak” ratings. Overall, eight of the 13 studies
were rated as “weak” largely because either the study design
did not include randomisation of schools and/or the rate of
participation of schools and/or students was low (classified
as under 60% of those invited). )e other notable area which
negatively impacted on all the study ratings was the blinding
of assessors and participants. All but one of the studies
included self-reported outcome measures, and so the rating
component of observer bias was not relevant. )erefore, the
rating for blinding was solely dependent on whether the
participants were aware of the research question. None of
the studies explicitly stated whether or not this was the case,
and so all these studies achieved a rating of “moderate” as per
the EPHPP protocol. All but one of the studies used
questionnaires to assess outcome measures. Where validity
or reliability for the questionnaires was not provided, the
study received a “weak” rating with respect to data collec-
tion. In all cases, the study design was well described, and for
most either important potential confounding factors were
shown to be balanced at baseline between groups or were
controlled for in data analysis. Although not specifically part
of the quality review, some studies reported p values between
the intervention and control group, but did not go on to
provide the time by condition effect. Most of the studies also
provided a good description of withdrawals/dropouts, with
the use of flowcharts adding clarity in many.

Characteristics of the studies reviewed are presented in
Table 2 with a more detailed summary in Supplementary File
2. )e characteristics of uncontrolled and pilot studies, not
considered in the quality review, are presented in Table 3
with more details provided in Supplementary File 3.

4.2. Intervention Characteristics. )e geographical regions
where the interventionwas delivered were globally diverse; three
studies each in Australia [12, 15, 23] and Iran [14, 16, 17], two in
the United States [22, 24], and one each in Brazil [14], China
[20], Denmark [18], Spain [25], and Turkey [21]. Of the 13
studies, seven reported that they were based on a theoretical
framework which included Protection Motivation )eory

[13, 17], the PRECEDEmodel [16], theHealth BeliefModel [22],
the )eory of Planned Behaviour [23], the Extended Parallel
Process Model [24], or some combination of behavioural
frameworks [12]. All but one [15] of the interventions included
didactic educational material on sun protection and the risk of
sun exposure. Of the 10 studies for which information was
provided on who delivered the intervention, half were delivered
by the research team [13, 16, 23, 24] or a medical student [14],
two were delivered in the classroom using online [19] or video
material [22], two by the classroom teacher [12, 18], and onewas
an environmental intervention [15]. In addition to lecture
material, five interventions had an interactive component such
as games, role playing, or appearance-focused apps or photo-
graphs [14, 19, 23, 24], [12]. Some also specified that they in-
cluded take-home materials such as brochures or magazines
[21]. One intervention was entirely environmental in that it was
the provision of shade sails in the playground [15]. Of the12
studies where duration of the intervention was provided, five
were single sessions of less than one-hour duration
[14, 19, 21, 22, 24]. )e remaining interventions were longer
with six reporting multiple sessions, usually over a block of time
[12, 13, 18, 23] with one exception where two lessons were
delivered each year for three years [20]. )e intervention where
shade was provided was long-term [15].

4.3. Study Characteristics. )e majority (77%) of the studies
were RCT [12–16, 18–20, 22, 23] with the other three being
either a nonrandomised trial [21, 24] or a controlled pre/
postintervention [17]. Length of follow-up was short, with 10
studies being six months or less (ranging from four weeks to
six months) [13–19, 21–24]. Of the two studies with longer
follow-up times, one was for two years [20] and the other
three years [20]. )e one study which comprised an envi-
ronmental intervention of the provision of shade sails had
continuous follow-up for 14 weeks [15].

4.4. Participant Characteristics. Most of the interventions
(86%) were delivered across all years of secondary school for
students from age 13 to 18 years [13–21, 23, 24]. Two studies

Table 1: Quality assessment components and ratings for EPHPP instrument.

Components Strong Moderate Weak

Selection bias
Very likely to be representative of the
target population and greater than 80%

participation rate

Somewhat likely to be representative
of the target population and 60–79%

participation rate
All other responses or not stated

Design RCT and CCT Cohort analytic, case-control, cohort,
or an interrupted time series All other designs or design not stated

Confounders Controlled for at least 80% of
confounders

Controlled for 60–79% of
confounders

Confounders not controlled for, or not
stated

Blinding
Blinding of outcome assessor and study
participants to intervention status and/

or research question

Blinding of either outcome assessor
or study participants

Outcome assessor and study
participants are aware of intervention

status and/or research question

Data collection Tools are valid and reliable Tools are valid but reliability not
described No evidence of validity or reliability

Withdrawals/
dropouts Follow-up rate of >80% of participants Follow-up rate of 60–79% of

participants

Follow-up rate of <60% of participants
or withdrawals and dropouts not

described
Reproduced with permission [11].
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delivered the intervention to a single year group [12, 22]. For
studies where information on the sex of participants was
reported (n� 11), two were at single-sex schools (one each
for male [16] and female [13] students), the proportion of
females was higher in two studies (61–76%) [22, 23] and
lower in one study (10%) [21]. )e participants in the
remaining studies were approximately half female and half
male [14, 17–20, 24]. Skin colour or ethnicity was not well
reported with only five studies [14, 19, 22–24] collecting this
information and responses varying greatly by country where
the intervention was delivered.

4.5. Quality Rating. Four of the five studies with a “mod-
erate” rating contained an educational lecture component
with three interactive activities. In addition to a single
lecture, Brinkler et al. provided students in Brazil with selfies
altered by an application to show the effects of UVR ex-
posure on their faces 5–25 years in the future [14]. )ey
reported an improvement in the self-reported use of daily
sunscreen but no reduction in intentional tanning over the
six-month follow-up. )e three interventions delivered in
Iran [13, 16, 17] were either multiple educational sessions or
an educational session in combination with a take-home
pamphlet [17]. All used varying sun protection behaviour
scores, but only Jeihooni reported a significant improvement
[16]. )e follow-up period was short ranging from 2 to 4
months.

)e remaining study with a “moderate” rating was an
Australian intervention that was completely environmental
with no educational component [15]. Direct observation was
used to assess the use of shade sails by students at the school
and compare this to an alternate site where there was no
shade sail. Although the numbers were small, there was a
significant improvement in shade use over the 14-week
follow-up period.

4.6. Pilot or Uncontrolled Studies. Almost all (nine of the 10
studies) of the studies were similar to those seen in the
previous section in that they were educational lectures with
or without interactive activities. One exception was an
Australian study by Pettigrew et al. [32], which combined an
educational presentation in school assembly with environ-
mental education, which was a real-time UVI monitor
placed in the playground.

5. Discussion

UVR exposure during adolescence is an important risk
factor for the development of skin cancer later in life [36, 37].
Well-designed interventions informed by “best evidence”
could potentially reduce this exposure. )e obvious setting
for the delivery of interventions among adolescents is where
they commonly assemble, that is, in the school setting. )is
review adds to other systematic reviews on interventions
targeting a reduction of UVR in various populations and
settings [38–40]. To the best of our knowledge, this is the first
systematic review of this nature specifically focusing on
interventions that target adolescents in a secondary school

setting. Adolescents as a group face unique challenges that
are different to other age groups and secondary schools are
unique contexts for potentially addressing these challenges.

It is preferable for interventions to be designed using
theoretical foundations as this takes into account the me-
diating factors which are influential in achieving behavioural
change [41]. Encouragingly, over half of the interventions
reviewed were designed using a behavioural theoretical
framework such as Protection Motivation )eory which
describes how, when confronted with a perceived health
threat, an individual is motivated to react [42].

)irteen studies were included in the review; however,
over half of the reported studies were found to have
methodological limitations that affected their overall quality
rating. None of the studies received a “strong” quality rating,
and only five had a “moderate” quality rating according to
the EPHPP assessment criteria. )e outcome measures were
similar in each study in that they covered the use of sun
protection items (sunscreen, hats, clothing, shade, and
sunglasses), UVR exposure (intentional tanning and sunbed
use), or physiological outcomes (sunburn).)e way in which
outcome measures were collected makes comparisons be-
tween studies problematic beyond describing whether sig-
nificant results were seen. For example, in some studies, a
summative score (based on between four and 10 individual
behaviours) of sun protection behaviours was provided,
whereas in others individual sun protection behaviours were
reported. It is difficult to interpret a study where a significant
effect was observed for one sun protective behaviour but not
others. As noted in other reviews, the follow-up time
assessing the impact of interventions was relatively short,
with the majority being less than six months, so the sus-
tainability of an intervention cannot be assessed [40].

)e interventions were generally well described and
remarkably homogenous in content, largely consisting of
educational materials delivered in a lecture format in the
classroom by a single presenter. Additional components
included take-homematerials or interactive activities such as
those focused on appearance-based activities with apps or
photographs. Appearance-based interventions have previ-
ously shown promise in the slighter older college age
population [43, 44]. A single study used the environmental
intervention of the provision of purpose-built shade for sun
protection within the school environment.

)e types of interventions showing the most promise in
improving outcomes were those that moved beyond pure
health education. Even if effective, educational delivered
interventions are resource heavy in that they require on-
going input from researchers or school staff for every cohort
of students. It is important when evaluating interventions to
consider whether they could practically be scaled up from a
scientific study to a real-world situation. In NZ, despite high
rates of skin cancer, a relatively high UVI, a large proportion
of the population with light skin, poor sun protection
practices, and an outdoor lifestyle, sun protection is not
regularly taught within the secondary school curriculum
[45]. )is is likely, at least, in part due to the number of well-
being related topics that need to be covered in secondary
school, some with more immediate consequences for health
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Table 3: Studies identified in the systematic review but not reviewed (pilot/uncontrolled)+.

Author
Data collection period
Study design

)eoretical framework
Intervention
Control

Davis [26]
2010
Pre/post (uncontrolled) (pilot
study)

3eoretical framework: Health Belief Model—specifically cue to action and increase self-efficacy
Intervention—“project students are SunSafe”

Format: PowerPoint presentation and three interactive activities in classroom setting
Content:

Education—Epidemiology, skin structure, skin cancer types, UVR, sun protection strategies, tanning
consequences.

∗Perceived susceptibility—video testimonial of 11-year melanoma survivor.
∗Perceived severity of UVR skin damage—images of overexposed individuals are presented (including

celebrities).
∗Benefits of not engaging in indoor tanning—displaying items that could be bought in exchange for

money not spent in tanning booths.
Interactive activities—students shown skin through filtered UVR analyser, sunscreen, UVR detecting

Frisbee used to visualise protection provided by different fabrics
Duration: 50–65 minutes (25 minutes of this is PowerPoint)

Delivery: University students (trained in sun safety and presentation)

Geller [27]
2001
Pre/post (pilot study)

3eoretical framework: “)eory driven” exact theory not specified
Intervention “SunSmart America”

Format: Education—science (biology) classes
Content: Cancer prevention and detection curriculum integrated into school biology classes (based on
SunSmart Australia curriculum for Victorian schools in Australia)—what is cancer, types of cancer, are
you SunSmart?)e genetics of skin cancer, sunburn and the UV index, natural selection and skin colour,

SunSmart health habits
Duration: Choose 7 of 12 modules—45–60 minutes in duration

Delivery: Classroom teacher

Hughes [28]
1990
Postintervention (controlled)

3eoretical framework: None specified
Intervention

Format: Leaflet. Workbook and video
IG1—education +workbook

IG2—education +workbook + video
IG3—education +workbook + homework to design posters
IG4—education + additional discussion later in the week

Content: education modules in health and physical education classes delivered. Materials: (i) Colour
leaflet designed to make covering up look cool. (ii) Workbook contained information on sun, UVR, and
skin cancer. (iii) Video—celebrity discusses concepts of sun and skin cancer with class of children.

Duration: No information
Delivery: Classroom—research team

Kouzes [29]
2015–2016
Pre/post (uncontrolled) (pilot)

3eoretical framework: None specified
Intervention “SunSmart schools pilot program”

Format: Curriculum delivered in health class, environmental—provision of sunscreen
Content:

(i) Schools were asked to implement a written sun protection policy.
School were given flexibility with which aspects of the program to implement, options included the

following:
(ii) Age-relevant evidence-based curriculum materials—evidence based, easy to use and teach, and met

schools common core requirements
(iii) Daily UV index announcements

(iv) Guest speaker
(v) Provision of sunscreen

(vi) Allowing students to wear hats and sunglasses.
Duration: Not specified
Delivery: School staff

Journal of Skin Cancer 11



Table 3: Continued.

Author
Data collection period
Study design

)eoretical framework
Intervention
Control

Loescher [30]
December 2016–March 2017
Pre/post (uncontrolled)

3eoretical framework: None specified
Intervention “Project Students are SunSafe” (adapted for Hispanic/Latino students)”

Format: Classroom lesson
Content:

∗Education—PowerPoint presentation—included information on sunscreen ingredients
∗)ree activities—interactive sun protective fabric. Sunscreen ingredient or skin analyser activity

Duration: 40minutes (3 modules took no longer than 20 minutes to deliver)
Delivery: Students from school were trained as peer educators to implement the lesson (in groups of 3) to

their peers at their school

Milijkovic [31]
2007/2008 (2 periods of data
collection)
Pre/post (uncontrolled)

3eoretical framework: None specified
Intervention “sunbathing—yes or no?”

Format: Lecture and workshop
Content:

∗Lecture covered; solar radiation—wavelengths, damage of the ozone layer and its health-related effects,
beneficial effects of sunbathing, adverse effects of UV exposure from sun and/or sunbeds, proper

behaviour at the exposure, UVI, sunscreens for beach and daily skin care products, sunbeds—legislation,
WHO recommendations, artificial skin tanning products, and postexposure skin care and products.
∗Workshop—students were given several everyday situations and asked to apply what they learnt from

the lecture
Duration: 90 minutes
Delivery: Not stated

Pettigrew [32]
2019
Pre/post (pilot study)

3eoretical framework: None specified
Intervention—individually directed plus environmental

Format: Presentation was in assembly, environmental UVR monitor
Content:

∗Presentation: Purpose of UVI, threshold of 3 for when sun protection is indicated accompanied by
graphical content and actionable messages

∗Environmental: UVR monitor with attached sign featuring a graduated call to action
Duration: Presentation 15 minutes long
Delivery: Not stated likely research team

Ramstack [33]
Year not provided
Pre/post (uncontrolled)

Intervention group
Format: Didactic (workbooks)—interactive and activity based

Content: Teacher could choose activities from within each unit:)e sun,)e skin,)e sun friend or foe?,
Cancer and skin cancer, Prevention of sun damage

Duration: 6 units—no details on how frequently delivered or length
Delivery: Delivered by classroom teacher (training provided)

Swindler [34]
Year not provided
Pre/post (uncontrolled)

3eoretical framework: Not mentioned
Intervention group—individually directed

Format: PowerPoint lecture
Content: Educational—risks of sun exposure and its contribution to premature aging and skin cancers
and effective sun protection including sun avoidance during peak hours, sunscreen knowledge, and sun

protective effect of clothing.
Duration: 45 minutes

Delivery: Fourth-year medical student

White [35]
2007–2008
Cluster (class) RCT (pilot study)

3eoretical framework: )eory of Planned Behaviour
Intervention—individually directed

Format: Educational session
Content: Belief-based intervention (behavioural (advantages and disadvantages), normative (normative

beliefs),
and control (barrier and motivator) sun safe behaviours.

Duration: 1 hour per week for 3 weeks
Delivery: Facilitated by Cancer Council Queensland staff

+More detailed information and full results are provided in the Supplementary File 3.
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than sun exposure. Innovatively, the Australian Cancer
Council, which has led the world in skin cancer control, has
developed two interventions which are environmentally
based and thus would not need ongoing resources, although
both did include a small educational component for students
[15, 32]. )ese were either the provision of shade sails or a
real-time UVI monitor in the playground. Australian chil-
dren have benefited from SunSmart messages from the start
of school and so may be better educated on the dangers of
UVR and interpreting the UVI than children of other na-
tions. However, both of these environmental interventions
need to be tested further, both in Australia and elsewhere, to
assess their efficacy, generalisability, and sustainability. In
addition to the articles reviewed, one study reported on a
feasibility study of an educational intervention combined
with text message reminders to students [46]. )is study did
not meet the inclusion criteria because being a feasibility
study, outcome measures were not reported. Innovatively,
this study tested objective outcomemeasures of melanin and
erythema using a Mexameter [46].

5.1. Strengths and Limitations. All published studies
reporting interventions designed to reduce UVR exposure
among adolescents have been reported, regardless of the
study quality or design. )ese may provide novel ideas for
interventions that could either be scaled up or adapted and
evaluated using more robust study methods. )ere are
several limitations associated with this systematic review.
First, only published studies were considered, thereby in-
troducing the potential for publication bias. Second, the way
that outcome measures were reported in the studies was
diverse, making comparisons difficult. Furthermore, the
majority of the studies were based on participants’ self-
reported outcome measures that may be subject to both
social desirability and recall bias and frequently without
validity and reliability measures. )ere is starting to be an
increase in studies based on observational outcome mea-
sures, which is a positive trend. )ird, although the geo-
graphic locations were varied, it was not possible to
determine the effect these interventions might have in lo-
cations with different climates or populations of varying skin
colours. Fourth, it was not possible to disaggregate the
different components of the intervention nor fifth, the in-
tensity of the language used, which is thought to be im-
portant in the efficacy of messaging [47].

6. Conclusion

)ere is a lack of high-quality published studies investigating
interventions delivered in a secondary school setting to
protect students from UVR. Most sun protection inter-
ventions targeting adolescents are health-based, emphasis-
ing the association between UVR exposure and skin cancer.
)ese have limited success in changing behaviour. Two
promising interventions were identified as potentially rel-
evant for adolescents. Both moved beyond presenting di-
dactic education in the classroom. )e first was an
appearance-based intervention using facial ageing technol-
ogy in the classroom. )e second was an environmental

intervention with the provision of a real-time UVI display
meter in the school playground.

)e evidence generally could be strengthened if re-
searchers used a consistent, standardised outcome measure
for sun protection exposure and behaviour, such as that
proposed by Glanz et al. in 2008 [48]. Other factors limiting
the strength of evidence were short follow-up times (largely
less than 6 months) and/or nonrobust study designs.
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