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Abstract
Purpose The purpose of the current study was to evaluate differences in reported use of sun protection, tanning behaviors, 
skin cancer-related knowledge, and perceived risk between rural and urban high school students in a geographic area with 
high rates of melanoma.
Methods A total of 1,570 high school students (56.8% female) from urban (6 schools) and rural (7 schools) geographic 
areas in Utah completed questionnaires assessing sun protection and tanning behaviors, skin cancer-related knowledge, and 
perceived risk for skin cancer. Analyses examined potential differences in these outcomes between rural and urban students 
and by gender.
Results Compared to students in urban areas, those in rural areas had lower odds of wearing sunscreen (OR 0.71; 95% CI 
0.53, 0.95; p = 0.022), re-applying sunscreen (OR 0.61; 95% CI 0.74, 1.02; p = 0.002), wearing long-sleeved shirts (OR 
0.63 95% CI 0.46, 0.86; p = 0.004), and seeking shade (OR 0.67; 95% CI 0.50, 0.88; p = 0.005).
Conclusions Rural students reported less adequate use of sun protection than urban students. Rural male students reported 
lower knowledge scores compared to urban males. Future skin cancer prevention efforts targeting rural high schoolers are 
warranted.

Keywords Skin cancer · Rural health · Health education · Cancer prevention

Introduction

Melanoma is the 6th most common cancer in the United 
States, and is associated with a significant morbidity and 
mortality burden [1–4]. Unlike most other types of cancer, 
the incidence of melanoma has risen over the past three dec-
ades [1]. Melanoma is increasingly affecting adolescents and 

young adults and is now the second most common cancer 
among women aged 15–29 years [5].

Geographical differences in the incidence and mortality 
of several cancers have been well documented and there is 
preliminary evidence that disparities also exist for melanoma 
incidence and mortality between residents of rural and urban 
areas [6–8]. Certain areas of the United States, particularly in 
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the West, feature high incidence rates of melanoma and also 
large geographic areas that are rural. For example, Utah leads 
the nation in melanoma incidence and mortality and roughly 
10–15% of the state’s population resides in rural areas [9, 10].

Ultraviolet radiation (UVR) exposure is the primary 
modifiable risk factor for melanoma [11–14]. Reduction of 
UVR exposure through use of sun protection and avoidance 
of sunburns and intentional tanning early in life, a period of 
melanocyte development and susceptibility, is critical [15, 
16]. Although not yet extensively studied in the pediatric 
population, use of sun protection may be particularly sub-
optimal among adolescents in geographically rural areas 
[17, 18]. Rural adults report less frequent shade-seeking 
and use of sunscreen, higher mid-day sun exposure, and 
increased sunburn occurrence compared to urban residents 
[19, 20]. Low use of sun protection is associated with lower 
knowledge and perceived risk of skin cancer, which could 
be specifically targeted in skin cancer preventive interven-
tions [21]. Examining potential rural–urban differences in 
use of sun protection behaviors that could prevent melanoma 
is essential given documented disparities in melanoma inci-
dence and mortality between these geographic areas [7].

Prior studies have described sun protection use and inten-
tional tanning among rural adolescents but have not directly 
compared rural and urban adolescents [17, 18]. Little is 
known about potential differences in sun protection, tanning 
behaviors, and other modifiable factors (e.g., knowledge, 
perceived risk) between rural and urban adolescents. This 
gap in knowledge impedes progress on developing targeted 
and tailored behavioral cancer prevention-control interven-
tions that address melanoma risk factors. In order to guide 
skin cancer prevention efforts targeting students residing in 
urban and rural areas, the current study evaluated poten-
tial differences in reported use of sun protection, tanning 
behaviors, sunburn occurrence, skin cancer knowledge, and 
perceived risk for skin cancer between urban and rural high 
schoolers in a geographic area with a high incidence of skin 
cancer [22, 23]. Additionally, the current study also exam-
ined student gender as a potential moderator of the relation-
ship between geographic location (rural versus urban) and 
sun protection use and knowledge. Based on the existing 
literature, we hypothesized that rural students would report 
less frequent use of sun protection strategies, lower skin 
cancer-related knowledge, and lower perceived risk for skin 
cancer than urban students [19, 20, 24–26].

Methods

Study sample

The current data were collected from a baseline assessment 
of a skin cancer preventive intervention for high school 

students in urban and rural areas of Utah. A convenience 
sampling method was used to contact schools to participate. 
The goal of the convenience sampling design was aimed 
at enrolling an even distribution of participants from rural 
and urban school districts. Participants were drawn from 4 
school districts (2 rural districts, 2 urban districts). From 
these districts, 11 high schools located in three counties 
(1 urban county, 2 rural counties) participated. In terms 
of recruitment, 85% (11 out of 13) of schools approached 
agreed to participate in the current study. Six schools were 
located in rural areas and five were in urban areas based on 
Rural Urban Commuting Code classification [27]. RUCA 
codes utilize census tract-based population estimates and 
work commuting information to categorize census tracts and 
zip codes into four categories: urban, large rural, small rural, 
and isolated rural. Of the schools in rural districts, three 
were classified as “small rural” and three were classified as 
“isolated rural.” Participants from “small rural” and “iso-
lated rural” were both categorized as “rural” for the purposes 
of the current analysis. Data were collected between March 
and May of 2017 and analysis was conducted between May 
and September of 2018. Prior to data collection, consent 
cover letters were sent by schools to all parents, allowing 
them to opt their child out of participation. All study proce-
dures were approved by the University of Utah Institutional 
Review Board and the appropriate school district authorities.

Measures

High school students were asked to complete a questionnaire 
assessing sun protection and intentional tanning, sunburn 
occurrence, skin cancer knowledge, their perceived risk for 
skin cancer, and demographic information. A modified ver-
sion of the valid and reliable Sun Habits Survey was used 
to assess students’ reported engagement in sun protection 
behaviors, tanning behaviors, sunburn occurrence, and hours 
spent outside [28]. Students were asked how often in the 
past month they engaged in each of eight sun protection 
behaviors (wearing sunscreen, re-applying sunscreen, wear-
ing long pants or skirts, long-sleeved shirts, wide-brimmed 
hats, sunglasses, seeking shade, avoiding peak UVR hours 
between 10 am and 4 pm) when they were outdoors for more 
than 15 min, on a 5-point Likert scale ranging from “never” 
to “always” [28]. Students were also asked how often they 
engaged in intentional indoor tanning and intentional out-
door tanning using the same 5-point Likert scale [28]. In 
addition, students were asked how many hours they were 
outside on a typical weekday and weekend day (on a scale 
from 0 to more than 8 h) and how many times they had 
a red or painful sunburn that lasted a day or more (on a 
scale from 0 to 5 or more) in the past 12 months and past 
30 days [28]. Skin cancer knowledge was assessed using 
5 investigator-designed true/false items (Cronbach’s alpha 
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= 0.60). The items assessed knowledge of risk factors and 
prevention measures for skin cancer. Students’ perception 
of their lifetime risk for skin cancer was assessed using a 
single item rated on a 5-point scale from “very unlikely” to 
“very likely” [29].

Statistical analysis

Descriptive statistics were calculated to summarize partici-
pant demographic characteristics. χ2 tests were performed 
to compare demographic characteristics between rural and 
urban participants. Descriptive statistics were calculated to 
summarize participant responses to sun protection behav-
iors, tanning behaviors, sunburn occurrence, and perceived 
risk items. Multi-level mixed-effects ordered logistic regres-
sion was used to compare sun protection behaviors, tanning 
behaviors, sunburn occurrence, and perceived risk between 
rural and urban students due to the ordinal. Proportional 
odds ratios were determined by exponentiating the ordered 
logit coefficients to aid in the interpretation of results. Gen-
eralized linear mixed modeling (GLMM) was used to com-
pare knowledge scores and time spent outside on week days 
and weekend days between rural and urban students. All 
models accounted for within-school clustering and GLMM 
models used restricted maximum likelihood estimation. 
Models were adjusted for potential confounding factors, 
including gender, grade, race/ethnicity, and family history 
of skin cancer. We also compared the impact of rural/urban 
status on sun protection behaviors, tanning behaviors, sun-
burn occurrence, knowledge, and perceived risk for skin 
cancer for male and female students. Multi-level mixed-
effects ordered logistic regression was used to calculate the 
interaction effects for gender, rural/urban residents, and the 
use of sun protection (e.g., wearing sunscreen and wear-
ing sunglasses) methods. GLMM was used to calculate the 
interaction effects for gender, rural/urban residence, and skin 
cancer-related knowledge. All statistical analyses were con-
ducted using R [30].

Results

A total of 1,570 students completed the self-reported ques-
tionnaire. Of those, 1,547 students (98.5%) completed the 
survey in its entirety. Of those, 54.9% were non-Hispanic 
White (n = 863) and 21.7% were Hispanic (n = 341), 46.8% 
were male (n = 735), and 28.3% (n = 444) reported a family 
history of skin cancer (Table 1).1 Thirty-one percent (n = 
485) of students attended rural schools and the remaining 
69% (n = 1,085) attended urban schools. Rural students were 
more likely to be White, report having a family history of 
skin cancer, and be in a lower grade (p’s < 0.05; Table 1). 
Socioeconomic indicators were not assessed for individual 

participants due to school district policies. Schools were 
located in one urban and two rural counties, which differ in 
median household income. The urban county has a higher 
median household income compared to the two rural coun-
ties (urban: $64,601, rural: $61,244 and $53,902) [31].

Use of sun protection among the entire sample of students 
was generally low. On average, students reported applying 
sunscreen “rarely” (mean = 2.06, SD = 1.11) and “never” re-
applying sunscreen (mean = 1.70, SD = 1.02) when outside 
for more than 15 min. Students reported “rarely” avoiding 
peak hours when outdoors (mean = 2.09, SD = 1.07). The 
most common sun protection method endorsed was wearing 
long pants or a long skirt “sometimes” (mean = 3.49, SD 
= 1.22). Students on average reported “rarely” intentionally 
tanning outdoors (mean = 2.13, SD = 1.24) and “never” 
intentionally tanning indoors (mean = 1.15, SD = 0.57). Stu-
dents reported experiencing an average of 2.6 (SD = 1.57) 
sunburns in the past year and 1.3 (SD = 0.72) in the past 
month. Across the entire sample, students reported their risk 
for getting skin cancer was, on average, “neither likely nor 
unlikely.” Student responses to items addressing sun protec-
tion, tanning behaviors, sunburn occurrence, and perceived 
risk are reported in Table 2. Students scored an average of 
2.7 (SD = 1.29) out of 5 on skin cancer knowledge.

Rural versus urban differences in sun protection, 
tanning behaviors, and sunburn

Figure 1 depicts average levels of sun protection and tan-
ning behaviors among rural and urban students. There were 
significant differences in sun protection use between students 
in rural and urban areas after adjusting for gender, race/eth-
nicity, grade, and family history of skin cancer (Table 3). 
Specifically, students who attended rural high schools had 
lower odds of wearing sunscreen (OR 0.71; 95% CI 0.53, 
0.95; p = 0.022), re-applying sunscreen (OR 0.61; 95% CI 
0.74, 1.02; p = 0.002), wearing long-sleeved shirts (OR 
0.63 95% CI 0.46, 0.86; p = 0.004), and seeking shade (OR 
0.67; 95% CI 0.50, 0.88; p = 0.005) compared to those who 
attended urban schools. In contrast, students in rural schools 
had higher odds of wearing long pants or skirts (OR 1.65; 
95% CI 1.23, 2.21; p = 0.001), wearing hats (OR 1.56; 95% 
CI 1.15, 2.11; p = 0.004), and engaging in indoor tanning 
(OR 1.78; 95% CI 1.03, 3.07; p = 0.039) compared to stu-
dents in urban schools. Students from rural schools reported 
spending 0.95 more hours outside on a typical weekend day 
compared to students from urban schools (95% CI 0.12, 
1.83; p = 0.023). Rural students had higher odds of reporting 

1 The entire Utah student population consists of 51% males, 49% 
females, 75% non-Hispanic White students, and 16% Hispanic stu-
dents.
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a greater number of sunburns in the past year compared to 
urban students (OR 1.47, 95% CI 1.05, 2.05, p = 0.023). 
There was no significant difference in sunburn occurrence in 
the past month, avoidance of peak UVR hours, wearing sun-
glasses, or intentional outdoor tanning between students in 
rural and urban areas in the adjusted model. The interaction 
between gender and rural/urban area was a significant pre-
dictor of wearing pants, hats, and sunglasses. Specifically, 
males in rural areas had higher odds of wearing pants (OR 
2.63; 95% CI 1.47, 4.71; p = 0.001) and hats (OR 2.13 95% 
CI 1.16, 3.91; p = 0.014) more than males in urban areas. 
Females in rural areas had lower odds of wearing sunglasses 
than females in urban areas (OR 0.52; 95% CI 0.30, 0.92; p 
= 0.024). There was no statistically significant interaction 
effect between gender and rural/urban area for wearing sun-
screen, re-applying sunscreen, wearing long sleeves, seeking 
shade, or avoiding peak UVR hours (p > 0.05).

Rural versus urban differences in skin cancer 
knowledge and perceived risk

After adjusting for race, grade, gender, and family history 
of skin cancer, rural students scored 0.37 points lower on 

the skin cancer prevention knowledge subscale than urban 
students (95% CI − 0.55, − 0.18; p = 0.001) (Table 3). The 
interaction between gender and rural/urban location was a 
significant predictor of skin cancer prevention knowledge 
scores such that males in rural areas scored on average 0.49 
points lower than males in urban areas (95% CI − 0.78, 
− 0.19; p = 0.001). There was no significant difference in 
knowledge scores between females in urban areas compared 
to females in rural areas (95% CI − 0.40, 0.06; p = 0.163). 
Students from rural schools also had higher odds of report-
ing a higher perceived risk for melanoma (OR 1.42; 95% CI 
1.03, 1.96; p = 0.033) compared to urban students (Table 3).

Discussion

The current study is among the first to compare modifiable 
skin cancer prevention and risk factors between rural and 
urban adolescents. Our findings highlight that geographi-
cal differences exist in reported use of sun protection and 
skin cancer prevention knowledge among high school stu-
dents. Building on studies that have examined sun protection 
behaviors among rural students alone [17, 18], we found that 

Table 1  Participant 
demographic characteristics and 
comparison between rural and 
urban students in Utah

Due to missing data, some percentages do not add up to 100%
a n% reported unless otherwise specified
Boldface indicates statistical significance (p < 0.05)

Total sample Rural Urban p
(N = 1570) (n = 485) (n = 1085)

n (%)a n (%) n (%)

Age (mean, std) 15.7 (0.98) 15.7 (0.96) 15.6 (1.00) 0.19
Gender 0.15
 Male 735 (46.8) 214 (44.9) 512 (47.5)
 Female 727 (46.3) 217 (45.5) 503 (46.8)
 Other 7 (0.45) 2 (0.4) 5 (0.5)

Grade 0.007
 9th 392 (24.9) 142 (29.8) 245 (22.8)
 10th 783 (49.8) 215 (45.1) 559 (51.9)
 11th 182 (11.6) 47 (9.9) 135 (12.6)
 12th 140 (8.9) 42 (8.8) 95 (8.8)

Race  < 0.001
 Non-Hispanic White 863 (54.9) 295 (61.8) 562 (52.2)
 Hispanic 341 (21.7) 64 (13.4) 271 (25.2)
 African-American 47 (2.9) 6 (1.3) 40 (3.7)
 American Indian 28 (1.8) 10 (2.1) 17 (1.6)
 Asian-American 43 (2.7) 6 (1.3) 36 (3.4)
 Other 53 (3.4) 18 (4.4) 45 (4.2)

Family history of skin cancer 0.001
 Yes 444 (28.3) 150 (33.6) 287 (26.7)
 No 463 (29.5) 107 (22.4) 351 (32.6)
 Not sure 585 (4.9) 187 (39.2) 393 (36.5)
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rural students reported spending more time outdoors, but 
were less likely to implement skin cancer preventive behav-
iors such as wearing sunscreen, re-applying sunscreen, wear-
ing long-sleeved shirts, and seeking shade when compared 
to urban students. However, it is notable that mean levels of 
sun protection were generally low across students in both 
rural and urban areas. Our findings are consistent with prior 
findings with adults living in rural and urban areas [19, 20], 
whereby individuals living in rural areas report less frequent 
use of sun protection compared to their urban counterparts.

In addition to low use of sun protection, rural students 
demonstrated significantly lower skin cancer prevention 
knowledge compared to urban students. These findings 
underscore the need for skin cancer prevention efforts that 
are targeted towards rural adolescents. Adolescents spend a 
large proportion of their time in school, and thus, the school 
setting offers an ideal venue in which to provide skin cancer 
prevention programming to students [32]. In line with the 
U.S. Surgeon General’s recommendation to bolster skin can-
cer prevention efforts in schools and community settings, the 
development and implementation of skin cancer curriculum 
and programs in rural districts may help to increase use of 
sun protection among rural students and decrease disparities 
in melanoma incidence and mortality among rural popula-
tions [33].

Based on our findings, skin cancer prevention pro-
grams for youth may want to account for observed gender 
differences in skin cancer prevention knowledge and sun 

protection use. For example, rural males reported wearing 
long pants and wide-brimmed hats more frequently than 
urban males, but had significantly lower skin cancer pre-
vention knowledge scores. Rural males may be wearing 
long pants and hats due to outdoor work responsibilities or 
social norms for fashion in their areas, but are still unaware 
of the risks that contribute to and prevention of skin can-
cer. Because of this, rural males may benefit from targeted 
skin cancer prevention education within their schools which 
could be tailored to outdoor lifestyles that are common in 
rural areas (e.g., farming, ranching).

The current study has several strengths and limitations 
worth noting. To our knowledge, this is one of the first stud-
ies to directly compare rural and urban adolescents on their 
reported use of sun protection, tanning behaviors, and skin 
cancer prevention knowledge and perceived risk for skin 
cancer. The sample comprised primarily of Non-Hispanic 
White students which reflects the population of Utah and 
those most at risk for skin cancer, but may limit generaliz-
ability to other areas [31]. Additionally, there was variability 
in sociodemographic factors (e.g., household income levels) 
between the geographic areas included in the current study, 
which was not statistically accounted for because we were 
unable to collect such information directly from students due 
to school district policies. Use of sun protection was based 
on self-report which could be subject to reporting biases; 
however, self-reported sun protection behavior use has been 
shown to be valid among adolescent populations [34, 35]. 
Another limitation of this study was the use of a dichoto-
mized definition for rural/urban status. Future work could 
explore potential differences in outcomes between small and 
isolated rural adolescents and urban adolescents. In addition, 
future studies could include rural and urban students in dif-
ferent regions of the US.

Conclusion

The findings from this study indicate significant differences 
between rural and urban adolescents’ behaviors and knowl-
edge related to skin cancer prevention that could contribute 
to the health disparities in skin cancer incidence and mortal-
ity observed in rural areas. The geographical and gender dif-
ferences in skin cancer preventive behaviors and skin cancer 
prevention knowledge should be considered when develop-
ing skin cancer prevention programs and school curriculum 
for adolescents.

*

*

*

*

*
*

1 2 3 4 5

Sunscreen use
Re-application of sunscreen

Long-sleeved shirt
Long pants or long skirt

Wide-brimmed hat
Shade

Avoiding peak UVR exposure hours
Sunglasses

Intent ional outdoor tanning
Intent ional indoor tanning

Rural Urban

"Never "" Always"

Fig. 1  Students’ reported sun protection and tanning behaviors. 
Figure contains the sun protection practices and tanning behaviors 
among high school students. Rural students are denoted by a dark 
gray bar and urban students are denoted with a light gray bar. The * 
indicates a statistically significant difference between rural and urban 
students when adjusted for gender, race, grade, and family history of 
skin cancer
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Table 3  Comparison of sun protection behaviors, tanning behaviors, sunburn occurrence, knowledge, and perceived risk between rural and 
urban students in Utah

CI confidence intervals differences are for rural versus urban, with urban as the reference category
a Results of multi-level mixed-effects ordered logistic regression for ordinal outcome variables
b Adjusted for gender, race/ethnicity, grade, and family history of skin cancer
c Results of generalized linear mixed model for continuous outcome variables
Boldface indicates statistical significance

Outcomea Geographic area Unadjusted odds ratio 
(95% CI)

p Adjusted odds  ratiob (95% 
CI)

p

Sunscreen use Rural
Urban

0.89 (0.63, 1.24) 0.501 0.71 (0.53, 0.95) 0.022

Re-application of sunscreen Rural
Urban

0.63 (0.46, 0.87) 0.005 0.61 (0.74, 1.02) 0.002

Long-sleeved shirt Rural
Urban

0.66 (0.51, 0.85) 0.001 0.63 (0.46, 0.86) 0.004

Long pants or long skirt Rural
Urban

1.58 (1.29, 1.93) 0.0001 1.65 (1.23, 2.21) 0.001

Wide-brimmed hat Rural
Urban

1.71 (1.33, 2.06) 0.0003 1.56 (1.15, 2.11) 0.004

Shade Rural
Urban

0.62 (0.79, 0.49) 0.0001 0.67 (0.50, 0.88) 0.005

Avoiding peak UVR exposure hours Rural
Urban

0.67 (0.51, 0.87) 0.003 0.77 (0.53, 1.13) 0.186

Sunglasses Rural
Urban

1.23 (0.85, 1.79) 0.267 0.93 (0.71, 1.24) 0.660

Outdoor tanning Rural
Urban

1.69 (1.12, 2.55) 0.012 1.33 (0.87, 2.02) 0.179

Indoor tanning Rural
Urban

1.81 (1.24, 2.64) 0.002 1.78 (1.03, 3.07) 0.039

Sunburns in past year Rural
Urban

2.01 (1.34, 3.01) 0.001 1.47 (1.05, 2.05) 0.023

Sunburns in past month Rural
Urban

1.16 (0.48, 2.78) 0.738 0.96 (0.48, 1.94) 0.914

Perceived risk Rural
Urban

1.72 (1.24, 2.37) 0.001 1.42 (1.03, 1.96) 0.033

Outcomec Geographic Area Unadjusted model 
Mean difference
(95% CI)

p Adjusted  modelb 
Mean difference
(95% CI)

p

Skin cancer knowledge Rural
Urban

− 0.09 (− 0.39, 0.21) 0.523 − 0.37 (− 0.55, − 0.18) 0.0001

Weekday hours spent outside Rural
Urban

0.38 (− 0.32, 1.10) 0.293 0.37 (− 0.34, 1.12) 0.343

Weekend hours spent outside Rural
Urban

1.26 (0.37, 2.18) 0.007 0.95 (0.12, 1.83) 0.023
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