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Abstract: Actions in reducing excessive sun exposure during childhood and adolescence has been a goal of a series of
programs. The objective of this study was to evaluate a multi-component high school-based intervention program to increase sun
safety knowledge and sun protection behaviors among students in Beijing, China. Volunteers from three high schools in Beijing
were randomized to three groups. Group A was given a 2-year intervention program consisting of multi-unit presentations plus a
series of educational materials. Group B was given a 1-year intervention program with educational materials only. Group C was
served as a control group. Questionnaires were answered by the three groups at baseline, year 1, and year 2. In our study, group A
achieved significant improvements in all six questions about the sun and sunscreen knowledge at year 1. Group B achieved
significant improvements in two questions. Both groups A and B achieved significant improvements in avoiding sun exposure at
noon and seeking shade. Group A achieved improvements in almost all sun knowledge and sun protection behaviors, with the
exception of using sunglasses, at year 2 compared with year 1. We conclude that school-based sun protection intervention
increases student knowledge and changes student sun protection behaviors. The 2-year program could achieved better results

than the 1-year program.
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1. Introduction

It is commonly believed that excessive sun exposure is the
main cause of melanoma and other types of skin cancers.
Childhood and adolescence have been identified as key
periods in the ethology of skin cancer [1, 2] given that more
than 80% of sun exposure occurs during childhood [3].
Therefore, reducing excessive ultraviolet radiation (UVR)
exposure during childhood and adolescence had been a goal of
a series of programs. School is thought to be an effective
venue for sun safety education. The U.S. Centers for Disease
Control and Prevention recommends school programs on sun
safety. Some school-based sun safety education programs
have been reported in many studies, such as the “SunSmart
Schools” in Victorian primary schools and other Australian
states [4], a sun safety education program for primary school
students in Switzerland [5, 6], raising sun protection and early
detection awareness among Florida high schoolers [7], and the

SunWise Program in the US [8]. In Arizona, skin cancer
prevention in the class education activity program, “Students
are Sun Safe,” was delivered by university students for middle
and high school students [9].

In most school-based sun safety education programs, the
following are included: a comprehensive sun safety policy;
recommendations to use wide-brim hats, protective clothes,
sunglasses, and an umbrella; proper application of sunscreen;
and recommendations to avoid sun exposure at peak UVR
times and seeking shade as much as possible [4].

Until now, most of the sun safety education programs have
been conducted in Western countries. The majority of the
studied populations have involved Caucasians. There has been
little quantitative research on the long-term effects of sun
protection education for school students in China. In the past
decade, We have done some sun protection education for
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adults in China. Now we focus on childhood and adolescence
sun safety education.

In the present study we implemented and assessed a
multi-component high school-based intervention program to
increase sun safety knowledge and sun protection behaviors
among high school students in Beijing, China.

2. Materials and Methods
2.1. Study Population

Six hundred thirty-eight adolescents from three high
schools in Beijing were recruited between May 2012 and May
2014. The students ranged in age between 12 and 18 years
(mean, 14.4£2.5 years), and included 315 boys (49.3%) and
323 girls (50.7%). Of the 638 students, 311 (48.7%) were
junior high school students and 327 (51.3%) were senior high
school students. Because students in grades 9 and 12 would
graduate from junior and senior high school, respectively, and
would not complete a 1-year follow-up evaluation, only
students from grades 7,8,10,11 were recruited.

Participants were divided into three groups (intervention
groups [A and B], and a non-intervention, which served as the
control group [group C]) using a simple random number
method. Group A included 103 boys (49.3%) and 106 girls
(50.7%), ( mean age 14.3+2.1 years). Group B included 107
boys (49.1%) and 111 girls (50.9%) (mean age, 14.3+2.6
years). And group C included 105 boys (49.8%) and 106 girls
(50.2%), (mean age, 14.3£2.4 years). To prevent loss of
samples and to avoid the interactive effect among students
within one class, random cluster sampling was adopted,
designating a class as a unit.

2.2. Study Design

Students from group A received a 2-year multi-component
intervention program (including two 45-min presentations
each year with educational pamphlets). Students from group B
received a l-year program in which only educational
pamphlets were provided.

All educational materials were designed by our research
group, consisting of general UVR and sun safety knowledge,
and some sun safety strategies specifically designed for
Chinese adolescents. The following knowledge and behaviors
were emphasized: (1) exposure to the sun is harmful in the
morning, at nightfall, on cloudy days, and through windows;
(2) sun protection behaviors, such as wearing wide-brimmed
hats, long-sleeved clothes, and sunglasses, and holding up an
umbrella, avoiding sun exposure at noon, and seeking shade,
should be adopted as much as possible; (3) use a sufficient
amount of sunscreen with a sun protection factor (SPF) > 30
and protection grade of UVA (PA) > ++ during sun exposure
(applying every 2-4 h); and (4) use proper protective behavior
according to the UV index every day.

Three self-administered, multiple-choice questionnaires
were administered before and after the interventions. The
questionnaire used in a previous sun safety study was used as a
reference when preparing the questionnaires [10]. General

instructions were provided by the same researcher before the
survey that demonstrated how to fill out the questionnaire
correctly.

The pre-intervention questionnaire consisted of three parts.
The first part referred to general data, including name, gender,
age, and information about skin photo type. The second part
consisted of six questions aimed at evaluating knowledge of
sun exposure and sunscreen. The third part consisted of seven
questions aimed at identifying sun safety behaviors and two
questions about the occurrence of UV-induced skin damage
(sunburn and suntan) 1 year before the intervention.

The post-intervention questionnaires consisted of parts II
and III of the pre-intervention questionnaire, the purpose of
which was to identify changes in sun knowledge, sun safety
behaviors, and the occurrence of UV-induced skin damages
among students in the three groups.

2.3. Sun Protection Education
The study was performed in three stages.

2.3.1. The First Stage

In the first stage, a questionnaire was administered to all
participants as the baseline in May 2012. After analyzing the
initial results, a sun safety intervention program was designed
to improve the sun knowledge and sun safety behavior for the
intervention sub-groups.

2.3.2. The Second Stage

During the second stage, a series of sun safety education
recommendations were provided to the intervention
sub-groups. Students from group A received two 45-min
presentations, which included the nature and dangers of UVR,
methods people could use to protect themselves from UVR,
and facts about and proper use of sunscreens. The skin photo
type of each participant was identified during the presentation,
and the participants were taught how to protect themselves
from UVR according to the UV index and their skin photo
types. Participants from group B received educational
pamphlets containing the highlights of the presentations,
which were also provided to the participants in group A.
Students from group C did not receive any of the supplemental
educational material, and thus served as the control group.
Students from groups A and B received educational pamphlets
twice during the following year. One year later, a second
survey was distributed to all of the students from the three
groups.

2.3.3. The Third Stage

In the third stage, students from group A received 2
additional 45-min sun protection educational classes and
educational pamphlets during the 2nd year, and received a 3rd
survey on sun protection knowledge and the change in sun
protection behavior at the end of year 2.

2.4. Statistical Analysis

The results were quantitatively analyzed with SPSS 16.0
according to the intent-to-treat principle. The age data were
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normally distributed and described as the mean and standard 3. Results
deviation and analyzed using a t-test. The relationship
between different groups was assessed by contingency tables
using a x* test. For all tests, a P < 0.05 was considered
statistically significant.

The study was reviewed and approved by the Ethics
Committee of the Beijing Chuiyangliu Hospital.

3.1. Baseline

At baseline, there was similar knowledge about sun exposure
and sun screen, sun protection behaviors, and incidence of
sunburn and suntan among students from all groups (P > 0.05),
with the exception of questions 2 and 4, in which there were
statistical differences among groups (Tables 1-3).

Table 1. Awareness of ultraviolet (UV)-induced skin damage and knowledge of sunscreen before and after intervention.

Group A (n=209)  Group B (n=218) Group C (n=211) Total (n=638)
No.1 What types of UV could cause skin damages?
Baseline 58(27.8%) 69(27.1%) 68(32.2%) 195(30.6%)
Post-first-year-intervention 95(45.3%)** 71(32.5%) 59(27.8%)
Post-second-year-intervention 124(59.5%)" **
No.2 Could the sun cause skin damages?
Baseline 148(70.8%)* 131(60.1%) 125(59.2%) 404 (63.3%)
Post-first-year-intervention 161 (77.0%) * 136 (62.4%) 147 (69.7%) *
Post-second-year-intervention 182 (87.1%) ***
No.3 Could the sun cause skin cancer?
Baseline 92(44.0%) 111(50.92%) 85(40.3%) 288(45.1%)
Post-first-year-intervention 119(57.0%)* 124(56.9%) 93(44.1%)
Post-second-year-intervention 176(84.2%)" **
No.4 Do you think the sun is harmful in the morning, at nightfall, on cloudy days, or through the windows?
Baseline 80(38.3%)% 43(19.7%) 50 (23.7%) 173(27.1%)
Post-first-year-intervention 123 (58.9%) ** 76 (34.9%) ** 63 (29.9%)
Post-second-year-intervention 144 (68.9%) ***
No.5 Do you know the meaning of UVA protection grade (PA)?
Baseline 50(23.9%) 49(22.5%) 45(21.3%) 144(22.6%)
Post-first-year-intervention 81(38.8%)* 52(23.9%) 39(18.5%)
Post-second-year-intervention 107(51.2%)" **
No.6 Do you know the meaning of sun protection factor (SPF)?
Baseline 77(36.8%) 78(35.8%) 69(32.7%) 224(35.1%)
Post-first-year-intervention 98(47.1%)* 101(46.3%)* 78(37.0%)
Post-second-year-intervention 170(81.3%)" **

* Compare with the baseline P<0.05, ** Compare with the baseline P<0.001. * Compare with the post-first-year-intervention P<0.05, “Compare with the
post-first-year-intervention P<0.001. *Compare with group B and C p<0.05. ** Compare with group B and C p<0.001

Table 2. Sun safety behavior before and and after intervention.

Group A (n=209)  Group B (n=218) Group C (n=211) Total (n=638)
Sunscreen
Baseline 113(54.1%) 107(49.1%) 95(45.0%) 315(49.4%)
Post-first-year-intervention 112(53.6%) 107(49.1%) 87(41.2%)
Post-second-year-intervention 170(81.3%)" **
Protective clothes
Baseline 63(30.1%) 56(25.7%) 43(20.4%) 162(25.4%)
Post-first-year-intervention 52(24.9%) 57(26.1%) 46(21.8%)
Post-second-year-intervention 130(62.2%)" **
Hats
Baseline 65(31.1%) 55(25.2%) 56(26.5%) 176(27.6%)
Post-first-year-intervention 74(35.4%) 68(31.2%) 49(23.2%) 191(29.9%)
Post-second-year-intervention 140(67.0%)" **
Sun umbrellas
Baseline 68(32.5%) 70(32.1%) 60(28.4%) 198(31.0%)
Post-first-year-intervention 70(33.5%) 62(28.4%) 54(25.6%) 186(29.2%)
Post-second-year-intervention 133(63.6%)"" **
Sun glasses
Baseline 68(32.6%) 42(19.3%) 45(21.3%) 155(24.3%)
Post-first-year-intervention 55(26.3%) 49(22.5%) 35(16.6%)
Post-second-year-intervention 42(20.1%)

Avoiding sun exposure at noon
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Group A (n=209)

Group B (n=218)

Group C (n=211) Total (n=638)

Baseline
Post-first-year-intervention
Post-second-year-intervention
Seeking shade as far as possible
Baseline
Post-first-year-intervention
Post-second-year-intervention

39(18.7%)
74(35.4%)**
140(67.0%)" **

58(27.8%)
80(38.3%)*
133(63.6%)"" **

42(19.3%) 50(23.7%) 131(20.5%)
68(31.2%)* 49(23.2%)
51(23.4%) 60(28.4%) 169(26.5%)
75(34.4%)* 54(25.6%)

* Compare with the baseline P<0.05, ** Compare with the baseline P<0.001, * Compare with the post-first-year-intervention P<0.05, "Compare with the

post-first-year-intervention P<0.001.

Table 3. Occurrence of UV-induced skin damage before and after intervention.

Group A (n=209)

Group B (n=218) Group C (n=211) Total (n=638)

Do you had ever suffered from sunburn in resent lyear
Baseline

Post-first-year-intervention
Post-second-year-intervention

Do you had ever gotten suntan in resent 1 year
Baseline

Post-first-year-intervention
Post-second-year-intervention

101(48.3%)
63(30.1%)**
33(15.8%)" **

165(78.9%)
123(58.9%)**
89(42.6%)" **

92(42.2%) 69(32.7%) 262(41.1%)
68(31.2%)* 60(28.4%)

168(77.1%) 157(74.4%) 490(76.8%)
136(62.4%)* 142(67.3%)

* Compare with the baseline P<0.05, ** Compare with the baseline P<0.001. ¥ Compare with the post-first-year-intervention P<0.05, * “Compare with the

post-first-year-intervention P<0.001.

3.2. First Follow-Up

All of students answered the questionnaires 1 year later. The
group A students achieved significant improvements in all six
questions involving knowledge of UV and sunscreen (P < 0.05
or P < 0.001). The group B students achieved significant
improvements in two questions (P < 0.05 or P < 0.001). The
group C students showed improvement in one question (P <
0.05; Table 1).

For questions involving sun protection behaviors, students
from groups A and B achieved significant improvements in
avoiding sun exposure at noon and seeking shade (P <0.05 or
P < 0.001). Students from groups A and B did not achieve
improvements in the use of sunscreen, protective clothing,
hats, sun umbrellas, or sunglasses (P > 0.05). Students from
group C did not demonstrate improvement in any of the
aforementioned items (P > 0.05; Table 2).

We also queried students who had a sunburn or suntan in the
past year. Students from groups A and B achieved a significant
decrease in the incidence of sunburns and suntans in the past
year (P < 0.05 or P <0.001), while students from group C had
the same incidence of sunburns and suntans in the past year
compared with baseline (P > 0.05; Table 3).

3.3. Second Follow-Up

Students from group A answered questionnaires 2 years
later. They achieved significant improvements in all six
questions involving UV and sunscreen knowledge compared
with the first follow-up (P < 0.05 or P < 0.001) and the
baseline (P < 0.001; Table 1).

For questions involving sun protection behavior, students
from group A achieved improvements in six of seven questions
compared with the first follow-up and baseline (P <0.001), with
the exception of using sunglasses (P > 0.05; Table 2).

Students from group A also achieved a significant decrease

in the incidence of sunburns (P <0.001 compared with year 1
and baseline) and suntans (P < 0.05 compared with year 1, and
P <0.001 compared with baseline) during year 2 (Table 3).

4. Discussion

A number of studies [5, 8, 9, 11, 12] have attempted to
change the sun protection behaviors of adolescents by offering
sun safety education programs in schools. Most of the
school-based interventions increase the sun protection
knowledge, while only a limited number of interventions
changed intended or actual behaviors. For example, in the
“Living with the Sun” (LWS) program, the LWS group
applied sunscreen more frequently than the control group, and
were more likely to wear a hat (72% vs. 59%) and use a sun
umbrella (75% vs. 64%) [11]. Most of the studies have
reported an increase in sun safety knowledge without an
improvement in intention or actual behavior [7, 12].

The gap between sun safety knowledge/attitude and
behavior was the focus of our previous study [10] and other
studies [5, 9]. It is generally believed that it is easier to
increase sun safety knowledge than to change intended or
actual sun safety behavior. Reinau et al. [5] reported that after
an intervention, sun safety knowledge increased significantly,
but there was no change in sun-protective behavior. In Arizona,
after exposure to the “Students are Sun Safe” project,
participants answered knowledge-based questions correctly;
however, there were minimal differences in self-reported
sun-safety behaviors, although the participants did report an
intent to change [9]. In agreement with those studies [5, 9], the
students in our study exhibited enormous improvement in sun
knowledge; however, we failed to elicit behavioral change in
most items at year 1. The students in groups A and B achieved
progress in avoiding sun exposure and seeking shade at noon,
but neither of the groups changed their use of sunscreens, hats,
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protective clothing, sunglasses, and sun umbrellas. This
finding contradicted the finding reported by Reinau [5, 6], in
which > 95% of students benefited from the protection of
sunscreen, but only 36% sought shade on sunny days.

A number of studies [13] have indicated that the choice to
use sun protection is likely to involve psychosocial factors.
The sun safety behavior of adolescents may depend on the
situation and motivational factors, such as school policy, and
peer and friendship groups [13]. In China, sunscreen is
commonly believed to be a type of cosmetic which should
only be used by girls and ladies. Using a sun umbrella is also
thought to be appropriate only for girls and ladies. Using
sunglasses is commonly believed to be a bad behavior, and
thus is forbidden in many schools. These prejudices have
hindered improvements in sun safety behaviors. After
identifying these prejudices, we emphasized the importance of
using sunscreen, sun umbrellas, and sunglasses as sun safety
behavior in the year 2 intervention.

Buller et al. [14] reviewed a series of sun protection
programs and interventions in North America. They reported
that a single 30-60 min presentation alone is insufficient to
improve the sun protection behavior in children. Therefore,
multi-unit presentations are suggested, including several days
of presentations that include a series of instructional materials
related to sun safety. Girgis et al. [15] showed that students in
the intensive intervention group had significant improvement
in sun safety behavior compared to the control and standard
(minimal) intervention groups. There was no difference in the
level of protection between the control and standard
intervention groups, indicating that minimal intervention was
not effective in changing the sun safety behavior of children.
Our study showed that students from group A had significant
improvement in all six questions involving sun and sunscreen
knowledge, while group B achieved improvement in only two
questions. This finding suggests that sun protection
intervention by written materials alone is insufficient to
improve the sun protection knowledge and sun protection
behavior amongst students. Multi-unit presentations plus a
series of educational materials could yield better results.

Another question is whether or not the education program
should last greater than one year. Previous studies have shown
that the key points of a successful program may be the
intensity and duration of the intervention. Interventions
relying on a single session have not been shown to be
successful at modifying sun protection behaviors at school
[16]. Indeed, interventions over the course of the school year
have proven more successful [17]. Olson et al. [18] assessed
the impact of 1 and 2 years of intervention, and the results
showed that a significant effect occurred after 2 years, but not
after 1 year of exposure to the intervention. Norman et al. [19]
reported that at year 2 more adolescents in the intervention
group had moved to the action or the maintenance stage of
change than the control group (25.1% vs. 14.9%). Sun
protection behavior was also shown to be positively associated
with the completion of more intervention sessions.

Even though we failed to change the habits of students in
use of sunscreen, protective clothing, hats, sun umbrellas, and
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sunglasses in the first year, at the end of year 2, with persistent
improvement in sun safety knowledge, we successfully
achieved improvements for students in using sunscreen,
protective clothing, hats, and sun umbrellas, and more
improvements in avoiding sun exposure and seeking shade at
noon. We speculate that an everlasting intervention would
continually increase sun knowledge amongst students and
increase awareness, which is an important precursor to
achieving behavioral change if the duration of the intervention
is long enough.

The limitations of the current study include the lack of a
control group at year 2 and differences in some questions
among groups at baseline. In China, most junior and senior
high schools are two independent schools. Most students from
grade 9 will change schools when they graduate from junior
high school. Therefore, we have to select students from grades
7 and 10 as group A to complete the 2-year intervention.
Students from grades 8 and 11, who would graduate 1 year
later, were selected as group B and the control group. The
difference in grade selection might cause differences in some
questions among the groups at baseline. We do not believe
these differences influenced our results because we compared
improvements within the same group (not among groups).

5. Conclusion

In conclusion, we conclude that a school-based sun
protection intervention increased sun protection knowledge of
students, and to a certain extent, changed some behaviors at
year 1. With a persistent improvement in sun safety
knowledge, most sun protection behaviors improved greatly if
the duration of the intervention was long enough. Multi-unit
presentations plus a series of educational materials could
achieve better results than educational materials alone.
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