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ARTICLE INFO ABSTRACT

Keywords: Children and adolescents may be vulnerable to increased ultraviolet radiation exposure and greater risk for
Sun exposure subsequent sun-related pathologies. This study examined the demographic, geographic, and phenotypic factors
Adolescence

influencing sun exposure and protective behaviors among children and adolescents living in the United States. A
cross-sectional survey on perceived sun exposure and protective behaviors was administered at three sports
medicine clinics in California, Colorado, and Hawaii. Responses were measured with a 5-item frequency scale:
Never, Rarely (25% of the time or less), Sometimes (50% of the time), Often (75% of the time or more), and
Always. Sun protective behavior was examined using univariate and multivariate analyses. In total, 860 surveys
were collected (52% female, 48% male; mean age 12.7 years). Females reported significantly greater frequency
of using sunscreen (p = 0.001), staying in the shade or using an umbrella while in the sun (p = 0.004), and
tanning (p < 0.001). Age was inversely associated with sunscreen use frequency (p < 0.001); the percentage of
participants who reported always wearing sunscreen decreased as age increased. Participants in Hawaii reported
using sunscreen less frequently than those in California and Colorado (p < 0.001). These results identify high-
risk populations such as males, older adolescents, and Hawaii's youth who may not be practicing frequent sun
protective behaviors. While it is important for youth to stay active, they must also be reminded to adopt pro-
tective behaviors while outdoors to prevent unnecessary sun damage and lower the risk of sun exposure com-
plications.

Skin cancer
Melanoma
Sunscreen

1. Introduction

Skin cancer is the most commonly diagnosed cancer in the United
States (U.S. Cancer Statistics Working Group, 2017; Siegel et al., 2017).
In the United States in 2017, there were > 95,300 estimated new di-
agnoses of melanoma, with 13,500 melanoma-related deaths (Siegel
et al., 2017). This reflects an increase of nearly 20,000 new melanoma
diagnoses per year than reported in 2014 (U.S. Cancer Statistics
Working Group, 2017). The increasing worldwide incidence of the
three main classes of skin cancer (malignant melanoma, squamous cell
carcinoma, and basal cell carcinoma) establishes skin cancer as a sig-
nificant global public health concern, especially for children and ado-
lescents (Glanz et al., 2008; Berwick et al., 2009; Garvin and Eyles,

Abbreviations: (UVR), ultraviolet radiation; (SPF), Sun Protection Factor

2001). Over the past four decades, cases of pediatric malignant mela-
noma increased (Wong et al., 2013; Austin et al., 2013). Though some
recent investigation suggests this trend may be reversing, skin cancer
remains a serious concern for the pediatric population in the United
States (Campbell et al., 2015).

Sunlight and ultraviolet radiation (UVR) are implicated as the
principal environmental causes for melanoma and keratinocyte cancers
(Sanchez et al., 2016; Whiteman et al., 2001). Since many healthy ac-
tivities and sports occur outdoors, children and adolescents may be
especially vulnerable to increased UVR and risk for subsequent sun-
related pathologies (Moehrle, 2008). Past studies indicate that higher
sunlight and UVR exposure occurs before the age of 21 years compared
to other periods in life (Cohen et al., 2006; Autier and Doré, 1998;
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Grodstein et al., 1995; Gallagher et al., 1995). High exposure during
this period has been associated with melanoma risk, thus minimizing
UVR exposure in childhood and adolescence may be the most important
component of skin cancer prevention efforts (Cohen et al., 2006; Autier
and Doré, 1998; Grodstein et al., 1995; Gallagher et al., 1995).

Previous investigations have noted that children and adolescents are
generally not well-informed about sun exposure and have negative at-
titudes towards protection behaviors. Recently, a 2014 study by Merten
et al. (2014) surveyed 423 adolescents in Florida and found that 63%
did not know the peak hours of strongest UVR. Eighty percent of the
population believed that a suntan looked healthy despite 67% thinking
that they were at risk of developing skin cancer. Female adolescents
were twice as likely to wear sunscreen with a Sun Protection Factor
(SPF) below 15 and were 5 times as likely as males to intentionally
suntan and use tan enhancers (Merten et al., 2014).

Cultural differences and variations in sun exposure behaviors exist
across all regions of the United States. Few prior studies compared the
sun protection habits of various geographic regions in the United States
or focused specifically children and adolescents. The purpose of this
study was to examine the demographic, geographic, and phenotypic
factors that may influence sun exposure and protection behaviors
among children and adolescents living in three different areas of the
United States.

2. Methods
2.1. Study sample and recruitment

Prior to data collection, institutional review board approval was
obtained at all study locations. Participants were recruited from pri-
mary care pediatric sports medicine clinics located at three large hos-
pitals and community clinics located in California, Colorado, and
Hawaii from 2014 to 2016. In addition to injuries that occur during
organized sports, patients present at our clinics for a variety of reasons,
including injury during physical education class at school, recreational
and personal fitness activities, non-sports related accidents (i.e. trip and
fall), or chronic pain unrelated to any injury (i.e. low back pain).
Individuals were invited to complete an anonymous cross-sectional
survey if they spoke English and were aged 2-18 years. Participants
under the age of 18 assented to complete the survey under the super-
vision of a parent or legal guardian.

2.2. Data collection/survey

Participants completed the survey and postcard consent electro-
nically on a computer or via paper-and-pencil in the presence of a re-
search team member. The 69-item survey asked subjects to report their
perceived sun exposure and their sun protective behaviors when they
are outside during the summer, during sports practices, and during
sports competitions. The survey was derived from standardized primary
core survey items recommended by Glanz et al. (2008). The authors
adapted questions from the original survey to include unique popula-
tion characteristics, such as age, gender, ethnicity, and natural hair
color, as well as specific questions assessing sunburn perceptions and
SPF-capable clothing use (Tables 1-2). For the purposes of this study,
only responses regarding perceived sun exposure and protective beha-
viors when participants were outside during the summer were ana-
lyzed. Responses were measured with a 5-item frequency scale: Never,
Rarely (25% of the time or less), Sometimes (50% of the time), Often
(75% of the time or more), and Always. Survey responses were strati-
fied by gender, age, geographic location, and phenotypic character-
istics, such as natural skin color and natural hair color. At all three
study sites, the response rate was 100% because the survey was brief
and completed in clinic with the patients' intake form.
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2.3. Data analysis

Questions with categorical responses were summarized with counts
and proportions; those with continuous responses were summarized
with means and standard deviations. The distribution of responses by
stratification variables were compared using chi-squared tests for ca-
tegorical responses and one-way ANOVA for continuous responses with
a significance level of 0.05. Following this univariate analysis, multi-
variable analysis was performed on the sun protective behavior vari-
ables using ordered logistic regression with the demographic (age
group, gender, geographic site) and sunburn susceptibility (skin color,
hair color, sunburns easily) characteristics included as predictor vari-
ables. Geographic site was treated as a factor variable, gender and
perceived sunburn risk were binary, while the ordered variables were
approximated as continuous. Stata version 14.2 was used for all sta-
tistical analysis.

3. Results

A total of 860 surveys across all three sites were included. In ad-
dition to sun exposure responses, participants also reported gender and
age, which are summarized by site location in Table 1. There were
approximately the same number of females versus males in the study
(52% vs. 48%), but the distribution of gender by site was statistically
different (p = 0.01). The average age of participants in the study was
12.7 years, and the average age differed across sites (p < 0.001). Re-
spondents reported sun protection-related physical characteristics in-
cluding skin and hair color, which also differed significantly across the
three sites (p < 0.001). There were more self-reported light brown and
dark brown skin color participants in Hawaii compared to the other
sites.

3.1. Geographic location

A comparison of sun protective behaviors was performed by geo-
graphic location in Table 2: California, Colorado, and Hawaii. Geo-
graphic location was significantly associated with reported sunscreen
use (p < 0.001), with respondents in California and Colorado gen-
erally reporting more frequent usage compared to those in Hawaii.
Additionally, geographic location was significantly associated with re-
ported sunglasses use (p < 0.001) and hat use (p = 0.003), with re-
spondents in Colorado generally reporting more frequent usage for
both. A significant association between geographic location and
spending time in the sun to get a tan was also found (p = 0.01), with
respondents in Hawaii generally reporting more frequent tanning be-
havior. A higher percentage of respondents in Hawaii (11.8%) reported
either often or always spending time in the sun to get a tan compared to
Colorado (8.8%) and California (4.8%).

3.2. Gender

Comparing responses by gender, 42% of females perceived them-
selves to sunburn easily without sunblock compared to 28% of males
(Table 3; p < 0.001). Gender was significantly associated with re-
ported sunscreen use (p < 0.001), staying in the shade or using an
umbrella while in the sun (p = 0.007), and wearing sunglasses
(p = 0.001). Females reported more frequent use for all items. Ad-
ditionally, gender was significantly associated with wearing shirts with
sleeves that cover the shoulders (p < 0.001) and wearing hats while in
the sun (p < 0.001), with males reporting more frequent usage for
both. The frequency of wearing clothing made with SPF capabilities was
found to be similar and infrequent between males and females, with
most respondents of both genders reporting wearing SPF clothing <
50% of the time.
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Table 1
Overall demographics.
Question Answer Overall (n = 860) Colorado (n = 239) California (n = 531) Hawaii (n = 85) p-Value
Gender Female 446 (51.9%) 110 (46%) 298 (56%) 37 (44%) 0.01
Male 412 (47.9%) 128 (54%) 233 (44%) 47 (55%)
Age (years) Mean (SD) 12.7 (3.4) 13.0 (3.0) 12.3 (3.6) 13.9 (2.6) < 0.001
What is the color of your untanned skin? Very fair 73 (8.5%) 30 (12.6%) 40 (7.5%) 3 (3.5%) < 0.001
Fair 340 (39.5%) 86 (36.0%) 227 (42.8%) 25 (29.4%)
Olive 185 (21.5%) 58 (24.3%) 119 (22.4%) 8 (9.4%)
Light Brown 216 (25.1%) 53 (22.2%) 123 (23.2%) 38 (44.7%)
Dark brown 40 (4.7%) 8 (3.4%) 20 (3.8%) 11 (12.9%)
Very dark 1 (0.1%) 0 (0.0%) 1 (0.2%) 0 (0.0%)
What is your natural hair color? Red 17 (2.0%) 7 (2.9%) 9 (1.7%) 1(1.1%) < 0.001
Blonde 137 (16.1%) 50 (20.9%) 83 (15.7%) 5 (5.7%)
Light Brown 251 (29.6%) 79 (34.3%) 161 (30.4%) 11 (12.5%)
Dark brown 311 (36.6%) 78 (33.1%) 206 (38.9%) 29 (33.0%)
Black 133 (15.7%) 21 (8.8%) 70 (13.2%) 42 (47.7%)

* Significance values for categorical responses were obtained using chi-squared tests; one-way ANOVA was used for continuous responses.

3.3. Age

Participants were split into four age groups for comparison purposes
in Table 4: 6years or less, between 7 and 11 years, between 12 and
14 years, and between 15 and 18 years. The distribution of how often
respondents wore sunscreen was significantly different by age
(p < 0.001). The percentage of patients who reported always wearing
sunscreen decreased as age increased. Age was also associated with how
often participants wore hats (p = 0.01) and clothing made with sun

protective material (p < 0.001), both less frequently with older ages.
Age was similarly associated with wearing sunglasses (p < 0.001) and
with time spent in the sun to get a tan (p < 0.001), both more fre-

quently with older ages.

3.4. Skin

color

A comparison of sun protection behavior responses was performed
by reported skin color (Table 5): very fair, fair, olive, light brown, dark

Table 2
Sun protective behavior by geographic location.
Question Answer Colorado (n = 239) California (n = 531) Hawaii (n = 85) p-Value
Do you sunburn easily without sunblock? No 147 (61.8%) 347 (65.4%) 60 (70.6%) 0.32
Yes 91 (38.2%) 184 (34.7%) 25 (29.4%)
How often do you wear sunscreen? Never 11 (4.8%) 44 (8.3%) 18 (21.4%) < 0.001
Rarely* 47 (20.6%) 135 (25.5%) 39 (46.4%)
Sometimes** 64 (28.1%) 159 (30.9%) 11 (13.1%)
Often*** 78 (34.2%) 139 (26.2%) 12 (14.3%)
Always 28 (12.3%) 53 (10.0%) 4 (4.8%)
How often do you wear a shirt with sleeves that cover your shoulders? Never 9 (4.0%) 38 (7.2%) 6 (7.1%) 0.56
Rarely* 34 (15.0%) 74 (14.0%) 12 (14.3%)
Sometimes** 54 (23.8%) 106 (20.1%) 13 (15.5%)
Often*** 83 (36.6%) 187 (35.5%) 36 (42.9%)
Always 47 (20.7%) 122 (23.2%) 17 (20.2%)
How often do you wear a hat? Never 61 (26.9%) 175 (33.0%) 33 (39.3%) 0.003
Rarely* 74 (32.6%) 200 (37.7%) 29 (34.5%)
Sometimes** 45 (19.8%) 106 (20.0%) 14 (16.7%)
Often*** 37 (16.3%) 35 (6.6%) 6 (7.1%)
Always 10 (4.4%) 14 (2.6%) 2 (2.4%)
How often do you stay in the shade or use an umbrella? Never 44 (19.4%) 91 (17.2%) 14 (16.5%) 0.19
Rarely* 99 (43.6%) 197 (37.2%) 36 (42.4%)
Sometimes** 67 (29.5%) 164 (31.0%) 24 (28.2%)
Often*** 16 (7.1%) 66 (12.5%) 8 (9.4%)
Always 1 (0.4%) 11 (2.1%) 3 (3.5%)
How often do you wear sunglasses? Never 37 (16.3%) 173 (32.8%) 48 (56.5%) < 0.001
Rarely* 74 (32.6%) 171 (32.4%) 25 (29.4%)
Sometimes** 62 (27.3%) 109 (20.6%) 7 (8.2%)
38 (16.7%) 47 (8.9%) 5 (5.9%)
16 (7.1%) 28 (5.3%) 0 (0.0%)
How often do you wear clothing made with specific sun protective material (fabric 137 (60.6%) 310 (58.5%) 50 (60.2%) 0.62
with SPF capabilities)? Rarely* 67 (29.7%) 153 (28.9%) 26 (31.3%)
Sometimes** 20 (8.9%) 53 (10.0%) 4 (4.8%)
Often*** 2 (0.9%) 12 (2.3%) 3 (3.6%)
Always 0 (0.0%) 2 (0.4%) 0 (0.0%)
How often do you spend time in the sun in order to get tan? Never 123 (54.2%) 340 (64.6%) 52 (61.2%) 0.01
Rarely* 58 (25.6%) 110 (20.9%) 17 (20.0%)
Sometimes** 26 (11.5%) 50 (9.5%) 6 (7.1%)
Often*** 20 (8.8%) 20 (3.8%) 8 (9.4%)
Always 0 (0.0%) 6 (1.1%) 2 (2.4%)

*25% of the time or less, **about 50% of the time, ***75% of the time or more.
** Significance values for categorical responses were obtained using chi-squared tests.
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Table 3
Sun protection behavior by gender.

Question Answer Female (n = 446) Male (n = 412) p-Value

Do you sunburn easily without sunblock? No 261 (58.5%) 297 (72.3%) < 0.001
Yes 185 (41.5%) 114 (27.7%)

How often do you wear sunscreen? Never 25 (5.7%) 50 (12.2%) < 0.001
Rarely* 100 (22.9%) 121 (29.6%)
Sometimes** 125 (28.6%) 110 (26.9%)
Often*** 136 (31.1%) 94 (23.0%)
Always 51 (11.7%) 34 (8.3%)

How often do you wear a shirt with sleeves that cover your shoulders? Never 36 (8.3%) 17 (4.2%) < 0.001
Rarely* 71 (16.3%) 52 (12.8%)
Sometimes** 124 (28.5%) 49 (12.0%)
Often*** 158 (36.3%) 148 (36.4%)
Always 46 (10.6%) 141 (34.6%)

How often do you wear a hat? Never 190 (43.6%) 77 (18.9%) < 0.001
Rarely* 167 (38.1%) 139 (34.2%)
Sometimes** 54 (12.3%) 113 (27.8%)
Often*** 20 (4.6%) 58 (14.3%)
Always 6 (1.4%) 20 (4.9%)

How often do you stay in the shade or use an umbrella? Never 65 (14.9%) 83 (20.3%) 0.007
Rarely* 163 (37.3%) 173 (42.4%)
Sometimes** 144 (33.0%) 112 (27.5%)
Often*** 53 (12.1%) 37 (9.1%)
Always 12 (2.8%) 3 (0.7%)

How often do you wear sunglasses? Never 107 (24.4%) 151 (37.2%) 0.001
Rarely* 149 (34.0%) 122 (30.1%)
Sometimes** 97 (22.2%) 81 (20.0%)
Often*** 60 (13.7%) 33 (8.1%)
Always 25 (5.7%) 19 (4.7%)

How often do you wear clothing made with specific sun protective material (fabric with SPF capabilities)? Never 272 (62.4%) 227 (55.8%) 0.28
Rarely* 113 (25.9%) 134 (32.9%)
Sometimes** 41 (9.4%) 37 (9.1%)
Often*** 9 (2.1%) 8 (2.0%)
Always 1 (0.2%) 1 (0.3%)

How often do you spend time in the sun in order to get tan? Never 233 (53.4%) 286 (70.4%) < 0.001
Rarely* 116 (26.6%) 69 (17.0%)
Sometimes** 56 (12.8%) 26 (6.4%)
Often*** 27 (6.2%) 21 (5.2%)
Always 4 (1.0%) 4 (1.0%)

*25% of the time or less, **about 50% of the time, ***75% of the time or more.

** Significance values for categorical responses were obtained using chi-squared tests.

brown, or very dark. A significant difference (p < 0.001) was found in
responses to the question, “How often do you wear sunscreen?” by self-
reported skin color, with generally fairer skinned respondents reporting
a higher rate of more frequent sunscreen use. Skin color was also sig-
nificantly associated with hat wearing (p = 0.009), sunglasses use
(p = 0.008), wearing shirts with sleeves (p = 0.02), and wearing
clothing manufactured with sun protective material (p = 0.03), gen-
erally less use for all of the above with darker skin colors.

3.5. Hair color

Significant difference (p < 0.001) was found in frequency of
sunscreen use between hair color categories, with respondent rates of
78% for red hair, 59% for blonde hair, 44% for light brown hair, 29%
for dark brown hair, and 15% for black hair respondents reporting
wearing sunscreen > 75% of the time (Supplement Table 1). Reported
hair color was also found to be significantly associated with hat
(p = 0.001) and sunglasses wearing (p < 0.001) and wearing clothing
with sun protective material (p = 0.02); those reporting darker hair
colors also reported less use of these protective measures.

3.6. Sunburn risk

The frequency of sunscreen use was significantly associated with
whether respondents believed they sunburned easily or did not sunburn
easily (p < 0.001). However, no significant difference was found be-
tween these two groups for any other sun protection behaviors.
(Supplement Table 2).

3.7. Multivariable results

Geographic location, gender, age group, skin color, hair color, and
susceptibility to sunburn all remained significantly associated with
frequency of sunscreen use in multivariable analysis (Table 6). Some of
these variables were also related to other sun protective behaviors
(Supplement Tables 3A-F). Sunscreen use, wearing a hat or sunglasses,
and frequency of tanning were generally lowest in Hawaii and highest
in Colorado, with California in between. However, frequency of shade
or umbrella use was greater in California than in Colorado (p = 0.01).
Females had higher rates of sunscreen use (p = 0.001), shade or um-
brella use (p = 0.004), and sunglasses use (p < 0.001) than males, as
well as higher rates of tanning (p < 0.001), but lower rates of wearing
a hat (p < 0.001) and wearing sleeves that cover the shoulders
(p < 0.001). Wearing sunscreen (p < 0.001), hats (p = 0.02), and
clothing with sun protective material (p < 0.001) became less frequent
with age, while wearing sunglasses (p < 0.001) and frequency of
tanning increased with age (p < 0.001). Sunscreen use (p = 0.02),
wearing sunglasses (p = 0.03), and frequency of tanning (p = 0.04)
increased with lighter skin tones, while sunscreen use (p < 0.001),
wearing a hat (p = 0.001), and wearing SPF protective clothing
(p < 0.001) decreased with darker hair colors. The only sun protective
behavior associated with perceived susceptibility to sunburn was
greater sunscreen use in youth who reported that they sunburned easily
(p = 0.001).
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Table 4
Sun protection behavior by age.
Question Answer <6 years 7-11 years 12-14 years 15-18 years p-Value
(n =51) (n=197) (n = 333) (n = 279)
Do you sunburn easily without sunblock? No 32 (62.8%) 126 (64.0%) 227 (68.2%) 174 (62.6%) 0.50
Yes 19 (37.3%) 71 (36.0%) 106 (31.8%) 104 (37.4%)
How often do you wear sunscreen? Never 4 (8.2%) 3 (1.6%) 25 (7.7%) 43 (15.5%) < 0.001
Rarely* 4 (8.2%) 40 (20.7%) 83 (25.4%) 95 (34.2%)
Sometimes** 13 (26.5%) 50 (25.9%) 104 (31.8%) 68 (24.5%)
Often*** 15 (30.6%) 76 (39.4%) 80 (24.5%) 59 (21.2%)
Always 13 (26.5%) 24 (12.4%) 35 (10.7%) 13 (4.7%)
How often do you wear a shirt with sleeves that cover your Never 3 (6.1%) 10 (5.2%) 25 (7.7%) 15 (5.4%) 0.20
shoulders? Rarely* 5 (10.2%) 21 (10.9%) 55 (16.9%) 42 (15.2%)
Sometimes** 10 (20.4%) 43 (22.4%) 62 (19.0%) 58 (21.0%)
Often*** 21 (42.9%) 68 (35.4%) 104 (31.9%) 114 (41.3%)
Always 10 (20.4%) 50 (26.0%) 80 (24.5%) 47 (17.0%)
How often do you wear a hat? Never 9 (18.4%) 49 (25.5%) 110 (33.7%) 101 (36.2%) 0.01
Rarely* 17 (35.7%) 77 (40.1%) 122 (37.4%) 90 (32.3%)
Sometimes** 15 (30.6%) 41 (21.4%) 53 (16.3%) 58 (20.8%)
Often*** 7 (14.3%) 21 (10.9%) 34 (10.4%) 16 (5.7%)
Always 1 (2.0%) 4 (2.1%) 7 (2.2%) 14 (5.0%)
How often do you stay in the shade or use an umbrella? Never 3 (6.1%) 42 (21.9%) 56 (17.2%) 48 (17.2%) 0.04
Rarely* 18 (36.7%) 88 (45.8%) 134 (41.1%) 96 (34.4%)
Sometimes** 20 (40.8%) 46 (24.0%) 99 (30.4%) 91 (32.6%)
Often*** 6 (12.2%) 14 (7.3%) 33 (10.1%) 37 (13.3%)
Always 2 (4.1%) 2 (1.0%) 4 (1.2%) 7 (2.5%)
How often do you wear sunglasses? Never 21 (43.8%) 67 (34.9%) 93 (28.5%) 78 (28.0%) < 0.001
Rarely* 14 (29.2%) 86 (44.8%) 102 (31.3%) 69 (24.7%)
Sometimes** 8 (16.7%) 25 (13.0%) 78 (23.9%) 67 (24.0%)
Often** 4 (8.3%) 9 (4.7%) 38 (11.7%) 42 (15.1%)
Always 1(2.1%) 5 (2.6%) 15 (4.6%) 23 (8.2%)
How often do you wear clothing made with specific sun Never 20 (40.8%) 91 (47.6%) 197 (60.4%) 191 (68.7%) < 0.001
protective material (fabric with SPF capabilities)? Rarely* 20 (40.8%) 64 (33.5%) 96 (29.5%) 68 (24.5%)
Sometimes** 7 (14.3%) 27 (14.1%) 30 (9.2%) 14 (5.0%)
Often*** 1 (2.0%) 9 (4.7%) 3 (0.9%) 4 (1.4%)
Always 1 (2.0%) 0 (0.0%) 0 (0.0%) 1 (0.4%)
How often do you spend time in the sun in order to get tan? Never 47 (95.9%) 147 (76.6%) 189 (58.2%) 137 (49.5%) < 0.001
Rarely* 2 (4.1%) 25 (13.0%) 79 (24.3%) 79 (28.5%)
Sometimes** 0 (0.0%) 10 (5.2%) 29 (8.9%) 43 (15.5%)
Often*** 0 (0.0%) 8 (4.2%) 26 (8.0%) 14 (5.1%)
Always 0 (0.0%) 2 (1.0%) 2 (0.6%) 4 (1.4%)
*25% of the time or less, **about 50% of the time, ***75% of the time or more.

** Significance values for categorical responses were obtained using chi-squared tests.

4. Discussion

Overall, our findings suggest gender, age, geographic location, and
phenotypic characteristics are associated with sun protection attitudes
and behaviors among children and adolescents. Females reported
greater frequency of protective behaviors— using sunscreen, staying in
the shade or using an umbrella while in the sun, and wearing sun-
glasses. Males reported with greater frequency the protective behaviors
of wearing shirts with sleeves that covered their shoulders and hats
while in the sun. The frequency of wearing clothing made with SPF
capabilities was found to be similar and infrequent (majority < 50% of
the time) between males and females. Our findings are consistent with
previous reports suggesting that females are more likely to wear
sunscreen and actively avoid sun exposure, while males are more likely
to use clothing to reduce exposure (Abroms et al., 2003; Lee et al.,
2014; Cokkinides et al., 2006; Robinson et al., 1997; Buller et al., 2011;
Geller et al., 2002; Hutchinson et al., 2015; Jones and Saraiya, 2006). It
is speculated that females engage in more sun protective behaviors
because sunscreen is commonly included in skincare and beauty pro-
ducts, thereby making it more accessible to females; however, definitive
reasoning is not available in the current literature (Lee et al., 2014).
Existing qualitative data for young adults (18-25 years) suggests that
differences in sun protection behavior are influenced by normative
beliefs along gender-lines in the United States. For example, males
consider skin care, and by proxy sunscreen use, a feminine practice; and
females believe sun protection may increase physical attractiveness by
preventing aging of their skin.!” On the other hand, for adolescents in

general and females in particular, a sense of invincibility may serve as a
barrier to sun protective behaviors. In a small study of adolescent fe-
males in England, subjects believed looking tan in the short-term was
worth the risk of cosmetic and health consequences in the long-term
(Eastabrook et al., 2016). Our finding that behavior differs by gender
and by age aligns with the existing literature, emphasizing the need for
interventions tailored to the specific beliefs of a precisely-targeted po-
pulation.

Age was also found to be a significant factor influencing sunscreen
use and protective behaviors. Our findings suggest that older popula-
tions of adolescents use sunscreen less frequently than younger popu-
lations, which is similar to previous reports (Dixon et al., 1999; Zinman
et al., 1995; Banks et al., 1992). Banks et al. found that 31% of teen-
agers (mean age = 15.2 years) applied sunscreen only a quarter of the
time during summer months, with 33% reporting that they never used it
before (Banks et al., 1992). In comparison, Zinman et al. reported that
91% of children age 1-12years applied sunscreen during summer
months (Zinman et al., 1995). Parental influence has previously been
noted as a significant predictor of sunscreen use and protective beha-
viors during early childhood. Dixon et al. reported that among children
aged 5-12years, parental encouragement strongly accounts for in-
creased prevalence of sun protective behaviors and positive attitudes
towards sun protection. Protective behaviors and attitudes were found
to decline with age as adolescents became more independent, spending
more time away from home and their parental influences (Dixon et al.,
1999). This tendency to reject sunscreen as children age may be due to
increasing independence during this age range and/or social cultural
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Table 5
Sun protection behavior by skin color.
Question Answer Very fair Fair (n = 340) Olive Light brown Dark brown Very dark p-Value
(n =73) (n =185) (n = 216) (n = 40) (n=1)
How often do you wear sunscreen? Never 1 (1.4%) 21 (6.3%) 6 (3.2%) 34 (16.0%) 11 (27.5%) 1 (100%) < 0.001
Rarely* 13 (18.3%) 77 (23.1%) 41 (22.2%) 75 (35.2%) 15 (37.5%) 0 (0.0%)
Sometimes** 18 (25.4%) 84 (25.2%) 66 (35.7%) 60 (28.2%) 7 (17.5%) 0 (0.0%)
Often*** 30 (42.3%) 106 (31.8%) 52 (28.1%) 38 (17.8%) 3 (7.5%) 0 (0.0%)
Always 9 (12.7%) 45 (13.5%) 20 (10.8%) 6 (2.8%) 4 (10.0%) 0 (0.0%)
How often do you wear a shirt with sleeves that Never 7 (9.9%) 13 (3.9%) 8 (4.4%) 18 (8.5%) 6 (15.4%) 1 (100%) 0.02
cover your shoulders? Rarely* 9 (12.7%) 44 (13.2%) 37 (20.1%) 29 (13.7%) 4 (10.3%) 0 (0.0%)
Sometimes** 13 (18.3%) 76 (22.8%) 34 (18.5%) 42 (19.9%) 7 (18.0%) 0 (0.0%)
Often*** 25 (35.2%) 124 (37.2%) 67 (36.4%) 73 (34.6%) 15 (38.5%) 0 (0.0%)
Always 17 (23.9%) 76 (22.8%) 38 (20.7%) 49 (23.2%) 7 (18.0%) 0 (0.0%)
How often do you wear a hat? Never 14 (19.7%) 99 (29.7%) 52 (28.1%) 92 (43.4%) 8 (20.0%) 1 (100%) 0.009
Rarely* 25 (35.2%) 121 (36.3%) 76 (41.1%) 68 (32.1%) 15 (37.5%) 0 (0.0%)
Sometimes** 20 (28.2%) 71 (21.3%) 31 (16.8%) 31 (14.6%) 14 (35.0%) 0 (0.0%)
Often*** 7 (9.9%) 31 (9.3%) 20 (10.8%) 17 (8.0%) 3 (7.5%) 0 (0.0%)
Always 5 (7.0%) 11 (3.3%) 6 (3.2%) 4 (1.9%) 0 (0.0%) 0 (0.0%)
How often do you stay in the shade or use an Never 13 (18.3%) 53 (15.9%) 37 (20.0%) 41 (19.4%) 4 (10.0%) 1 (100%) 0.81
umbrella? Rarely* 25 (35.2%) 131 (39.2%) 77 (41.6%) 81 (38.4%) 20 (50.0%) 0 (0.0%)
Sometimes** 23 (32.4%) 110 (32.9%) 52 (28.1%) 59 (28.0%) 10 (25.0%) 0 (0.0%)
Often*** 8 (11.3%) 35 (10.5%) 15 (8.1%) 27 (12.8%) 5 (12.5%) 0 (0.0%)
Always 2 (2.8%) 5 (1.5%) 4 (2.2%) 3 (1.4%) 1 (2.5%) 0 (0.0%)
How often do you wear sunglasses? Never 15 (21.4%) 96 (28.7%) 49 (26.5%) 80 (37.9%) 17 (42.5%) 1 (100%) 0.008
Rarely* 16 (22.9%) 114 (34.1%) 59 (31.9%) 73 (34.6%) 9 (22.5%) 0 (0.0%)
Sometimes** 17 (24.3%) 72 (21.6%) 42 (22.7%) 35 (16.6%) 11 (27.5%) 0 (0.0%)
Often*** 14 (20.0%) 33 (9.9%) 27 (14.6%) 17 (8.1%) 1 (2.5%) 0 (0.0%)
Always 8 (11.4%) 19 (5.7%) 8 (4.3%) 6 (2.8%) 2 (5.0%) 0 (0.0%)
How often do you wear clothing made with Never 39 (54.9%) 185 (55.6%) 104 (56.5%) 141 (66.8%) 26 (65.0%) 1 (100%) 0.03
specific sun protective material (fabric with Rarely* 20 (28.2%) 95 (28.5%) 62 (33.7%) 59 (28.0%) 11 (27.5%) 0 (0.0%)
SPF capabilities)? Sometimes** 8 (11.3%) 47 (14.1%) 12 (6.5%) 8 (3.8%) 3 (7.5%) 0 (0.0%)
Often*** 4 (5.6%) 4 (1.2%) 6 (3.3%) 3 (1.4%) 0 (0.0%) 0 (0.0%)
Always 0 (0.0%) 2 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
How often do you spend time in the sun in order to  Never 45 (62.9%) 198 (59.8%) 107 (58%) 137 (65%) 28 (73.7%) 1 (100%) 0.65
get tan? Rarely* 16 (22.9%) 76 (23%) 45 (24.3%) 43 (20.3%) 5 (13.2%) 0 (0.0%)
Sometimes** 5 (7.1%) 39 (11.8%) 19 (10.3%) 15 (7.1%) 3 (7.9%) 0 (0.0%)
Often*** 4 (5.7%) 18 (5.4%) 12 (6.5%) 12 (5.7%) 2 (5.3%) 0 (0.0%)
Always 1 (1.4%) 0 (0.0%) 2 (1.1%) 5 (2.4%) 0 (0.0%) 0 (0.0%)

*25% of the time or less, **about 50% of the time, ***75% of the time or more.

*+ Significance values for categorical responses were obtained using chi-squared tests.

Table 6
Multivariable analysis of sunscreen use.
Coef SE p-Value
Site Colorado — (base) —
California —-0.51 0.15 0.001
Hawaii -1.16 0.25 < 0.001
Gender Female 0.44 0.13 0.001
Age group Older -0.15 0.02 < 0.001
Skin color Darker -0.18 0.08 0.02
Hair color Darker -0.31 0.08 < 0.001
Sunburn easily Yes 0.50 0.15 0.001

* Significance values were obtained using ordered logistic regression.

norms, which may act as barriers to sun protective behaviors among
older adolescents and teens.

Some studies considered regional variation in skin protection be-
haviors (Geller et al., 2002; Jones and Saraiya, 2006; Cokkinides et al.,
2001). Jones et al. compared sunscreen use in high school students from
the “West,” “South,” “Midwest,” and “Northeast” of the United States
and did not find persuasive evidence of differences between these re-
gions (Jones and Saraiya, 2006). No previous studies have compared
the sun protection behaviors and attitudes of children and adolescent
living in Colorado, California, and Hawaii. Contrary to previous studies
of larger geographic regions (Jones and Saraiya, 2006), our results in-
dicate that differences in sun protection habits are associated with
geographic location. Participants in Hawaii reported using sunscreen
and wearing sunglasses less frequently compared to those in California
and Colorado. Subjects in Hawaii and California were found to wear

hats for sun protection less frequently compared to participants in
Colorado. Interestingly, our analysis indicates that the majority of
children and adolescents across all sites did not spend time in the sun to
receive a tan. The differences appreciated may be due to several effects,
such as social and cultural influences on individual behaviors. There is a
higher proportion of Hispanic patients in Colorado and California as
compared to Hawaii, and a higher proportion of Pacific Islanders in
Hawaii compared to the other study locations (U.S Census Bureau,
n.d.). This study's findings suggest interventions may be more effective
when tailored to the social and cultural elements of targeted geographic
regions. Further research is necessary to elucidate the unique socio-
cultural characteristics that influence sun protection behaviors re-
gionally.

The present study found that those with lighter skin and hair were
more likely to report high frequency of sun protection behaviors than
those with darker skin and hair colors. This may be due to differences in
tendency to sunburn, societal messaging, misinformation, or other so-
cial cultural norms. This agrees with the literature, which suggests
those with more sun-sensitive or lighter skin, are more likely to use sun
protection (Pichon et al., 2010a). Additionally, natural skin color may
influence perceptions about skin cancer risk and subsequently impact
sun protective behaviors. Pichon et al. surveyed a population of 1932
African American adults and found that 46% perceived themselves to
have zero risk for skin cancer, while 76% perceived themselves to have
zero or low risk (Pichon et al., 2010b). These past studies suggest there
exists a multi-faceted interplay of perceived risk and social cultural
norms, which may influence an individual's behavior (Cafri et al.,
2009). Targeted interventions in children and adolescents should seek
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to dispel the myth that only lighter-skinned individuals are at sig-
nificant risk for cosmetic and health complications from chronic sun
exposure and communicate that all individuals should adopt adequate
sun protective behaviors.

The current public health recommendations for safe sun exposure
behaviors include regular use of sunscreens with an SPF of 15 or higher,
minimizing sunburns, and avoiding intentional sun tanning (Geller
et al., 2002). Our results identify high-risk populations such as males,
older adolescents, and Hawaii's population of children and adolescents
who may not be adhering to these guidelines and should be the target of
sun protection interventions. The current literature suggests that sun
protection during early childhood and adolescence can greatly reduce
the chances of skin cancer in later life; however, past prevention efforts
have yielded mixed results (Stern et al., 1986; Stern, 1995). Previous
skin cancer prevention efforts directed at the pediatric population
found success in improving skin cancer knowledge, but failed to show
significant improvement in sun protection behaviors (Tuong and
Armstrong, 2014; Moore and Rosenthal, 1992). Further research is
needed to identify specific barriers to sun protection behavioral mod-
ification in children and adolescents.

This study has several important strengths and limitations. The
strengths of our study include a large sample size, with a large number
of participants across all age groups of children and adolescents.
Although we relied on participants' self-report of sun protection beha-
viors and attitudes, we attempted to reduce response variability and
bias by utilizing an anonymous, standardized core survey accepted in
published literature (Glanz et al., 2008). We surveyed participants in 3
different regions of the United States, which allowed us to better gen-
eralize our data; however, our small study sample in Hawaii may not be
fully representative of all youth in the United States. Participants were
all recruited from primary care sports medicine clinics, which may also
not be representative of the general population. Additionally, data
collection for this study occurred year-round, which may have resulted
in recall bias about sun protection behaviors practiced during the
summer months. Due to its focus on UVR exposure during outdoor
activities, this study did not consider tanning bed use.

Gender, age, geographic location, and phenotypic characteristics
may contribute to sun protection attitudes and behaviors among chil-
dren and adolescents. Targeted interventions may need to focus on
males, adolescents, dark skinned individuals, and consider local social
and cultural norms, which may affect regional variability in behavior.
Since sun-tanning frequency was found to be low, it is likely that the
majority of exposure to sunlight in children and adolescents is the result
of outdoor activities. While youth are encouraged to stay active, they
must also be reminded to adopt protective behaviors while outdoors to
prevent unnecessary sun damage and lower the risk of sun exposure
complications.
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