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Abstract

Background—Skin cancer prevention emphasizes early adoption and practice of sun protection
behaviors. Adolescence represents a high-risk period for ultraviolet radiation exposure, presenting
an opportunity for intervention. The ubiquity of mobile phones among teens offers an engaging
medium through which to communicate prevention messages.

Purpose—To evaluate a skin cancer prevention intervention using short messaging service
(SMS, or text messages) to impact sun-related knowledge, beliefs, and behaviors among
adolescents.

Methods—The intervention was conducted in middle school youth (N=113) recruited in April or
October 2012. Participants were English speakers, 11-14 years old, routinely carried a mobile
phone, and completed a 55-minute sun safety education program. Participants were sent three sun
safety—-themed SMS messages each week for 12 weeks. Skin and sun protective knowledge,
beliefs, behaviors, and post-intervention program satisfaction were collected and analyzed at
baseline and end of intervention (April/June 2012; October 2012/January 2013). Paired responses
were tested for equality using Wilcoxon signed-rank tests.

Results—Ninety-six students (85%) completed the study. At 12 weeks, significant positive
changes were reported for sun avoidance during peak ultraviolet radiation, sunscreen application,
wearing hats and sunglasses, and knowledge about skin cancer risk. Participants expressed
moderately high satisfaction with the program, and 15% shared messages with family or friends.
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Conclusions—A brief, SMS-based intervention impacted youth skin cancer prevention
behaviors and knowledge. Future research will determine whether program effects were sustained
at 24 weeks and explore how sun safety parenting practices inform these effects.

Introduction

Skin cancer is the most common and preventable form of cancer in the U.S., with more than
3.5 million cases annually.! Prevention targets include reduction of ultraviolet radiation
(UVR) exposure through sun avoidance, protective clothing, and sunscreen.?

Adolescents are less likely to exercise UVR protection than other age groups.3 Fewer than
40% practice sun protection regularly, and more than 70% report at least one serious
sunburn annually.# Although public health guidelines recommend age-appropriate
information and behavioral skills training as strategies to enhance teen prevention
behaviors, programs have modestly impacted knowledge and awareness®’ with few
behavioral effects.8-10 An emphasis on knowledge without adequate focus on behavioral
determinants is considered a limitation of earlier work.

Diffusion of innovations theory (DIT) proposes the spread of behavior by four elements: the
innovation itself, the social system in which the innovation is promulgated, the
communication channel used, and the time in which the diffusion occurs.1! Consistent with
DIT, promotion of behavioral strategies aligned with adolescents’ perceived risks and social
context should enhance outcomes,2 while high rates of mobile phone ownership among
adolescents!? present a medium through which prevention may be communicated.
Frequency of text messaging (short message service [SMS]) exceeds other forms of mobile
communication.1* Studies have explored the use of SMS to promote healthy eating,1®
physical activity,16 sexual and reproductive health,17-18 and smoking cessation,1° but none
have addressed adolescent sun safety. The objective of this study was to test the
acceptability and effect of an SMS-based sun safety intervention on adolescents’ sun-related
behaviors, beliefs, and knowledge.

Methods

Study Population

Participants were recruited from science, health, and physical education classes at three
middle schools in Tucson, Arizona. Eligible youth were 11-14 years old, English-speaking,
carried an SMS-capable phone, and participated in a 55-minute sun safety program led by
university students two weeks prior to recruitment.29 Recruitment occurred through
presentations to youth and written materials for parents. Respondents were encouraged to
attend meetings with researchers during which child assent and written parental permission
were obtained. The University of Arizona IRB approved the study.

Intervention Development

The intervention was a 12-week, pre—post design with students recruited in spring 2012
(=61 students enrolled from four classrooms in two schools) and fall 2012 (7=52 students
enrolled from five classrooms in three schools).
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Informed by skin cancer prevention literature and educational resources,?! researchers
developed 80 messages for SMS delivery. Messages were designed to explain cancer risk,
note sun protection benefits, and counter beliefs contrary to public health recommendations
through information, reminders, and behavioral strategies. Formative research, using a
participatory approach?2 with 59 adolescents (aged 11-14 years), assessed relevance, utility,
and youth comprehension of candidate messages, and determined desired delivery
frequency. Candidate messages were brought to youth during four focus group sessions.
Participants were provided 25 candidate messages for evaluation, printed on separate cards.
Participants read the messages aloud, identified words or phrases they did not understand,
and rated messages using a 3-point Likert scale where 1 indicated high enthusiasm, 2
indicated modest enthusiasm with necessary revisions, or 3 indicated the message was not
viable. Rationales for each rating were discussed. Messages receiving 1 and 2 were retained
for the final message library (Table 1).

Outcome Measures

Outcomes were assessed using a self-administered 26-item survey. Nine items assessed
typical sun exposure, annual sunburn incidence, frequency of protective behaviors, and
intentional tanning behavior.23 Remaining items assessed physical characteristics related to
risk,24-26 perception of skin cancer risk, readiness to engage in protective behaviors,2
indoor tanning, beliefs toward tanned skin,28 and skin cancer knowledge.2° Participants
completed a paper survey at baseline, and a web-based version at 12 weeks. Demographic
data and intervention satisfaction were determined.

Statistical Analysis

Results

Analyses were conducted in June 2012 and January 2013 following completion of 12-week
data collection. Pre—post comparisons were restricted to participants completing both
surveys (n=96). Five items designed to test skin cancer knowledge were multiple choice,
with total correct answers summed and analyzed separately as an index. Pre—post differences
were tested using Wilcoxon signed-rank tests or paired #tests. Analyses were completed
using SAS, version 9.3 (SAS Institute Inc., Cary NC).

One hundred thirteen participants (60 girls, 51 boys) received 36 SMS messages over 12
weeks (three/week, at 7:30av or 4:00-v) sent by an Android OS software application
developed for the study.29 Study completion rates were 89% (Table 2).

At baseline, 54%-61% of participants reported physical characteristics associated with
increased risk (e.g., light hair and eyes, very fair/fair untanned skin). Seventy-five percent
reported sunburn in the past 12 months, and 25% reported three or more.

Baseline and 12-week survey responses are shown in Table 2. At baseline, 36.5% reported
they wore sunscreen often or always. Seventeen percent believed a tan made them more
attractive (29% disagreed, 54% were neutral). Twenty-three percent thought they were
somewhat or very likely to get skin cancer in the future. Gender differences were observed
for intentional tanning (79% of girls versus 93% of boys reported rarely or never
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intentionally tanning). Sixty-eight percent knew what to wear to cover up from the sun, but
only half correctly identified additional strategies to avoid sunburn or indoor tanning risks.
Almost 42% knew types of skin cancer, and 25% recognized factors that increased UVR
intensity.

At 12 weeks, significant increases were reported for wearing sunscreen (37% to 52%,
p=0.001), hats (13% to 15%, p=0.02), and sunglasses (29% to 33%, p=0.02). More
participants considered sun avoidance during peak UVR (p=0.02). Wearing long-sleeved
shirts, shade seeking, and weekend/day sun exposure improved, cancer risk perception
decreased, and positive beliefs toward tanned skin increased; however, these changes were
not significant. No changes in intentional tanning behaviors were reported. Although there
was a significant increase in overall knowledge (p=0.03), this change was primarily driven
by knowledge about skin cancer types.

Fifty-three percent of participants said they would recommend the program to a friend,
whereas only 10% did not enjoy receiving SMS messages. Almost 15% reported sharing
specific messages with friends or family.

Discussion

Primary prevention remains the most effective strategy for reducing skin cancer risk.2 In this
study, 113 adolescents received SMS messages focused on skin cancer prevention. In
contrast to previous studies involving adolescents,®:8:30-34 participants reported significant
behavioral changes. Novel to this study were reports that some participants received, read,
and discussed content with others. The potential use of SMS to activate adolescents’
engagement around skin cancer prevention is promising, particularly in light of data that
suggest significant effects of social networks on health.35 Although not emphasized in this
study, inclusion of peers and parents could enhance participant behavioral change. Previous
research suggested higher sun protection behaviors among adolescents who received
information and encouragement from parents and teachers compared to those who reported
one or no sources of support,38 and reinforcement of behavior change by multiple sources
has successfully impacted sun-related behaviors in primary care and community-based
interventions.37-38 Improvements in adolescent UVR exposure and sunscreen use occurred
after a brief, primary care—based counseling session followed by tailored intervention
materials delivered by mail3’; in a community setting, parents, coaches, and teachers served
as sun safety role models, resulting in a small but significant impact on protective clothing
and sunscreen use by adolescents up to 2 years later.38

Similar to previous work,3 this study was limited by reliance on self-reported outcomes.
Further, this was a pilot study with no control group, the sample was not representative, nor
were observed changes evaluated as a function of message type or frequency. Changes did
not occur across all behaviors targeted by SMS; further research is needed to understand
which messages were or were not effective, and why. However, findings from this study
suggested that an SMS-based intervention has the potential to affect adolescent sun
protection behaviors and skin cancer knowledge. Future research will determine whether
these changes were sustained and explore the role of parenting practices on these effects.
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Comparison of pre—post behaviors, beliefs, and knowledge about skin cancer and sun safety of the 96

participants

Table 2

Baseline Pre-test

12-week Post-test

M sD M SD p-valuea
KNOWLEDGE
3 main types of skin cancer (5 points possible) 3.5 15 4 13 0.003
Factors that can make UVR stronger (5 points) 34 1.2 3.3 1.2 0.46
Precautions to take to avoid sunburn (5 points) 4.2 11 44 1.0 0.2
What to put on to “cover up” from the sun (5 points) 4.5 0.8 4.5 0.8 0.85
Side effects of indoor tanning (5 points) 4.2 1.2 4.4 0.9 0.1
UV index of an indoor tanning bed (1 point) 0.5 0.5 0.6 0.5 0.11
Total knowledge score (26 points possible) 20.39 3.8 21.18 3.2 0.03
n % n % pvaluea

BELIEFS
How likely they think they are to get skin cancerb 0.23

Very to somewhat likely 22 229 17 181

Neither likely nor unlikely 36 375 33 351

Somewhat to very unlikely 38 396 44 4638
Having a tan makes them more attractiveb 055

Agree to strongly agree 16 167 20 213

Neither agree nor disagree 52 542 48 511

Disagree to strongly disagree 28 292 26 277
Considered finding shade for my protection, 10am to 4pr 0.02

Never thought of using shade 10 104 7 7.4

Thinking of looking for shade 12 125 5 5.3

Going to begin to look for shade 6 6.3 6 6.3

Sometimes look for shade 38 396 39 411

Have used shade to protect myself for a long time 30 313 38 40.0
Considered using sunscreen (SPF 30+)b 0.26

Never thought of using 4 42 2 21

Thinking of using 9 94 13 137

Going to begin 10 104 3 3.2

Started 8 83 11 116

Have used sunscreen for a long time 46 479 38 400

Have always used sunscreen 19 198 28 295
Considered giving up sunbathingb 0.32

Never thought of giving it up 11 115 10 105

Thinking of giving it up 6 63 6 63
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Going to give it up
Started to give it up
Gave it up for long time
Have never sunbathed
BEHAVIORS
Wear sunscreen
Often to always
Sometimes

Rarely to never

Wear shirt that covers shouldersb
Often to always
Sometimes
Rarely to never
Wear hat
Often to always
Sometimes

Rarely to never

Stay in shade?
Often to always
Sometimes

Rarely to never

Wear sunglassesb
Often to always
Sometimes
Rarely to never

Spend time in sun to tan
Often to always
Sometimes

Rarely to never

Typical weekday summer sun exposureb

<1 hour
>1 hour but <3 hours
>3 hours but <5 hours
25 hours
Typical weekend summer sun exposure
<1 hour
>1 hour but <3 hours
>3 hours but <5 hours

>5 hours

67

35
34
27

64
20
11

12
20
64

24
47
25

28
15
53

82

23
47
18

23
39
24
10

%

2.1

5.2

5.2
69.8

36.5
354
28.1

67.4
21.1
11.6

12.5
20.8
66.7

25.0
49.0
26.0

29.2
15.6
55.2

5.2
9.4
85.4

24.2
49.5
18.9

7.4

24.0
40.6
25.0
10.4

70

50
26
20

68
13
15

14
28
54

26
43
25

31
23
40

11
78

29
45
18

22
47
19

%

11
2.1
6.3
73.7

52.1
27.1
20.8

70.8
135
15.6

14.6
29.2
56.3

21.7
45.7
26.6

33.0
245
42.6

7.3
115
81.3

30.5

47.4
18.9
3.2

22.9

49.0
19.8
8.3

a
p-value

0.001

0.76

0.02

0.53

0.02

0.12

0.09

0.39

Note: Boldface indicates statistical significance.

SPF, sun protection factor; UVR, ultraviolet radiation

H\Nilcoxon signed-rank test.
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b . .
Not all teens answered every question during pre- or post-test.
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