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Abstract
Ultraviolet radiation (UVR) exposure is a primary risk factor for the development of melanoma. However, adults and ado-
lescents often do not engage in preventive behaviors to reduce UVR exposure. Rural residents may be at higher risk for 
melanoma due to lower use of sun protection strategies, which increases their overall UVR exposure compared to those who 
live in urban areas. The purpose of this study was to evaluate differences in UVR exposure between rural and urban residents 
in a geographic area with high incidence of melanoma. Children (aged 8–17 years) and adults (≥ 18 years) from rural and 
urban areas of Utah were asked to wear a UVR monitoring device for 14 days. The sample included 97 children and 97 
adults. Data was collected from June to October 2018. Non-parametric Mann–Whitney tests and quantile regression were 
used to compare UVR exposure levels between urban and rural participants, separately for adults and children. For adults, 
rural residence significantly increased total UVR dose ( β: 24.6; 95% CI 3.75, 42.74) and the UVR dose during peak UVR 
hours among participants with the highest UVR doses (β: 16.3; 95% CI 17.4, 24.63). Rural children exhibited significantly 
higher UVR doses for peak UVR hours for the entire study period (β: 4.14; 95% CI 0.83, 7.46) and on weekdays (β: 0.39; 
95% CI 0.05, 0.73). The findings from this study indicate that rural residents may receive higher levels of UVR exposure 
than urban residents, and that prevention efforts could be tailored to address these geographical differences.
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Introduction

Personal ultraviolet radiation (UVR) exposure is a primary 
modifiable risk factor for melanoma [1]. Reducing UVR 
exposure during childhood is especially critical because 
25% of lifetime UVR exposure occurs during childhood, a 
key period of melanocyte development and susceptibility [2, 
3]. However, adults and children often do not consistently 
use recommended sun protection methods aimed at reduc-
ing UVR exposure (e.g., wearing sunscreen and protective 
clothing), and subsequently receive sunburns, increasing 
their risk for melanoma [4–6].

UVR exposure may vary based on an individual’s resi-
dential area (e.g., urban versus rural residence), due to 
differences in their engagement in sun protection meth-
ods and time spent outdoors. Adults living in rural areas 
report spending more time outdoors during peak UVR 
hours (10am–4 pm), less frequent shade-seeking and use of 
sunscreen, and subsequently experience increased sunburn 
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occurrence compared to urban residents [7, 8]. A previous 
study conducted in Denmark employed wearable UVR mon-
itoring devices and found that suburban children received 
the most UVR exposure when compared to urban and rural 
children, due to days spent abroad for vacation [9]. However, 
rural children had the highest UVR exposure on school days 
when compared to urban and suburban children [9]. Also, 
rural adolescents may spend more time outdoors and rural 
adults may be more likely to have an outdoor occupation, 
increasing their overall UVR exposure [10].

Given the potential differences in skin cancer prevention 
(e.g., wearing sunscreen) and risk factors for skin cancer 
(e.g., sunburn occurrence) between rural and urban adults 
and adolescents, it is important to objectively measure the 
amount of UVR exposure received by these two popula-
tions. The previous Denmark study focused their rural versus 
urban comparison on adolescents only. Although prevention 
in adolescents is critical, sunburn occurrence and high UVR 
exposure at all ages increases the risk for melanoma, making 
adults an important population to include in studies of UVR 
exposure [11]. The purpose of this study was to evaluate dif-
ferences in UVR exposure between rural and urban residents 
in an area with high incidence of melanoma in the United 
States. Such studies are essential for guiding melanoma pre-
vention efforts that could be tailored for individuals with 
differing patterns of UVR exposure and thus different risk 
factors for melanoma.

Methods

Study Sample

Participants were recruited from urban and rural areas of 
Utah, a state with high incidence of melanoma [12]. Study 
recruitment methods included flyer dissemination at health 
promotion and community events, distributing flyers in com-
munity settings (e.g., grocery stores, coffee shops, libraries), 
and mailing invitation letters to potential participants. An 
online marketing resource was used to obtain the addresses 
of potential participants living in rural and urban zip codes 
of Utah [13]. Home zip codes were used to categorize each 
residence as rural or urban based on Rural Urban Commut-
ing Area (RUCA) code classification [14]. RUCA codes uti-
lize census tract-based population estimates and work com-
muting information to assign census tracts and zip codes to 1 
of 33 codes, which were then dichotomized to classify each 
zip code as urban versus rural [14].

Adults were eligible to participate in the study if (1) they 
were at least 18 years old, (2) were residents of Utah, (3) 
had at least one child aged 8–17 years who was willing to 
participate in the study, (4) did not have a personal history of 
melanoma, (5) did not have a pacemaker (due to the strong 

magnet in the UVR device), (6) had and were willing to use 
a smartphone, (7) were willing to download and use a free 
app that shared the UVR exposure data with the research 
team, and (8) were able to read and write in English. Chil-
dren of eligible parents were eligible to participate if (1) they 
were 8 to 17 years old, (2) lived with a primary caretaker in 
Utah, (3) had no previous diagnosis of melanoma, and (4) 
did not have a pacemaker. Children were provided with a 
Bluetooth and Wi-Fi enabled smartphone to use during the 
study if they did not own one.

A total of 224 adults contacted the research team to 
express interest in participating in the study and of these, 
150 were screened for eligibility (the remaining 74 indi-
viduals did not respond to further follow up by researchers 
and could not be screened). Of the adults who completed 
eligibility screening, 34 were ineligible. Reasons for ineli-
gibility include not having children between the ages of 8 
and 17 years old (n = 28), parent not having a smartphone 
with Bluetooth and Wi-Fi (n = 5), and unable to read English 
(n = 1). Of the 116 eligible adults, seven did not participate 
and 12 were unable to participate due to a limited number of 
devices available for use within the context of this study. A 
total of 97 adults and 97 children (n = 194) were enrolled in 
the study. Data were collected between June and October of 
2018. All study procedures were approved by the University 
of Utah Institutional Review Board.

Study Procedures

All study participants were asked to wear a personal UVR 
monitoring device (i.e., Shade device) for 14 days during 
waking hours. We chose 14 days to include two work weeks 
and two weekends to accurately capture individuals’ patterns 
of UVR exposure. The Shade device is both a dosimeter and 
radiometer capable of measuring instantaneous UV inten-
sity and accumulated UV dose over time [15]. The device 
collects personal, time-stamped standard erythemal dose 
(SED), a standardized measure of UVR exposure [15], over 
the course of the day and reports accumulated SED every 
6 min. The SED is a standardized measure of UVR exposure 
[15]. One SED is equivalent to radiant exposure of 100 J/
m2 and is independent of skin type [16]. The Shade device 
was integrated with a research app used for data collection 
and research purposes only. The Shade research app did not 
provide participants any information on their UVR exposure.

When participants expressed interest in enrolling in 
the study, consent/parental permission/assent forms were 
emailed to participants and the Shade devices were mailed 
to participants. Enrolled participants provided informed con-
sent by phone. Research assistants reviewed instructions on 
how to use and care for the Shade devices. For example, 
participants were instructed to avoid getting the device wet, 
to sync the device to the Shade research app daily, and to 
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recharge their device at least every three days. Participants 
officially began their study activities the day after the phone 
call with research assistants.

During the 14-day study period, participants were asked 
to fill out a baseline questionnaire, daily questionnaires, and 
an exit questionnaire. The baseline questionnaire included 
items assessing demographic information [17]. The daily 
questionnaire assessed compliance to wearing the device, as 
well as the type and duration of outdoor activities performed.

Statistical Analysis

Analyses were conducted separately for adults and children 
as they have different UVR exposure patterns. Addition-
ally, previous studies have analyzed UVR data for children 
and we strived to be able to compare our results to previous 
studies. Descriptive statistics were calculated to summarize 
participant demographic characteristics. Chi-square tests and 
Fisher exact tests were performed to compare demographic 
characteristics between rural and urban participants. Since 
we collected data from June until October, it was important 
to account for differences in children’s UVR exposure due to 
whether they were in school at the time of their participation 
or not. For children, descriptive statistics were calculated for 
all days of the study period, days during summer break and 
days when school was in session. Children who started their 
study participation prior to school being in session were con-
sidered to have participated during summer break and chil-
dren who started their study participation after school started 
were considered to have participated during the school year. 
For adults, descriptive statistics were only calculated for all 
days of the study period, peak UVR hours, week days and 
weekend days as their schedules, and therefore UVR expo-
sure, is less likely to change due to the academic calendar. 
Mean and standard deviation were calculated for the num-
ber of days that adults and children reported wearing the 
device, as this data was normally distributed. Because the 
UVR data for adults and children were highly right-skewed 
with a few very large SED observations, median SED levels 
were calculated and non-parametric Mann–Whitney tests 
were used to compare UVR exposure between urban and 
rural participants. Quantile regression was used to compare 
UVR exposure in the 50th and 95th percentile (high SED 
observations) between rural and urban participants, while 
controlling for potential confounding variables. Based on 
previous literature and hypothesis testing of zip code eleva-
tion and occupation types between rural and urban residents, 
the appropriate potential confounders were adjusted for [2]. 
For adults, the potential confounders included were age, sex, 
race/ethnicity, income, education level, elevation of home 
zip code, occupation (outdoor vs. indoor vs. in a motor vehi-
cle), and seasonality (month of participation). For children, 
potential confounders that were included were age, sex, race/

ethnicity, elevation home zip code, seasonality (month of 
participation) and school enrollment status (school year vs. 
summer break). All statistical analyses were conducted using 
Stata version 15 (College Station, TX) [18].

Results

A total of 97 adults and 97 children (n = 194 individuals) 
participated in the study. Of the adults, 87.4% were non-
Hispanic White (n = 83), 5.3% were Hispanic (n = 5), and 
76.8% were female (n = 73; Table 1). The average age of 
participating children was 12.7 years (SD = 2.6), 85.3% 
were non-Hispanic White (n = 81), 8.4% were Hispanic 
(n = 8), and 58.9% were female (n = 56; Table 1). Fifty-
seven percent (n = 56 families) of participants resided in 
urban zip codes and 42% (n = 41 families) resided in rural 
zip codes. Urban adults were more likely to be female 
and have higher educational attainment compared to rural 
adults (p < 0.05). Rural adults were more likely to work 
outdoors or in a motor vehicle compared to urban adults 
(p < 0.05). Rural children were older than urban children 
(p < 0.05). Parents reported wearing the Shade device 
for an average of 12.7 days (SD = 2.5) out of the desired 
14 days and children reported wearing their device for an 
average of 12.2 days (SD = 3.0).

Adults’ UVR Exposure

The median exposure per day for adults was 0.45 SED, with 
over 55% of that exposure (0.25 SED) gained during peak 
UVR hours (10 am–4 pm; see Table 2). The median UVR 
exposure on weekend days was 0.47 SED and was 0.45 SED 
on weekdays. There was no significant difference between 
median UVR exposure per day for rural adults (0.57 SED) 
and urban adults (0.44 SED; p = 0.499). Rural adults accu-
mulated a median of 7.68 SED during the entire study period 
compared to a median of 5.73 SED among urban adults, 
however these are not significantly different. Area of resi-
dence (rural versus urban) was not significantly related to 
UVR exposure per day, UVR during peak hours per day, nor 
UVR exposure on weekend days at the 50th or 95th percen-
tile when adjusted for confounders (Table 3).

At the 95th percentile for adult’s UVR exposure, accu-
mulated UVR exposure for the entire study period was sig-
nificantly higher (24.6 SED) among rural adults than urban 
adults, after adjusting for potential confounders. Accumu-
lated UVR exposure during peak UV hours (10am-4 pm) for 
the entire study period was significantly higher (16.3 SED) 
for rural adults than urban adults at the  95th percentile after 
adjusting for potential confounders (Table 3).
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Children’s’ UVR Exposure

The median UVR exposure per day for all children was 0.29 
SED. The median UVR exposure per day for all children 
during the school year was 0.39 SED and 0.28 SED dur-
ing summer break. The median UVR exposure during peak 
UVR hours for all days of the study period for the total child 
population was 0.26 SED on days during the school year, 
and 0.12 SED for days during summer break. On weekend 
days, the median UVR was 0.28 for all study days, 0.29 SED 

during the school year and 0.23 SED during summer break. 
The median UVR on weekdays was similar (0.40 SED for all 
weekdays, 0.41 SED on weekdays during school, and 0.40 
SED on weekdays during summer break). The median UVR 
exposure for all children can be found in Table 4.

The median UVR exposure per day was 0.25 SED for 
rural children and rural children accumulated a median of 
7.79 SED over the entire study period. Urban children had a 
median UVR exposure of 0.33 per day and accumulated 7.71 
SED over the entire study period (Table 4). On weekdays, 

Table 1  Demographic 
characteristics of study 
participants

*n and % reported for demographic variables unless otherwise noted

Total sample (n = 97) Urban (n = 56) Rural (n = 41) p value

Adults n (%)* n (%)* n (%)*
 Age (M, SD) 41.6 (6.3) 41.8 (6.1) 41.3 (6.6) 0.513

Sex
 Male 22 (23.1) 9 (16.1) 13 (33.3) 0.050
 Female 73 (76.8) 47 (83.9) 26 (66.7)

Marital status
 Married or marriage-like relationship 84 (88.4) 53 (94.6) 31 (75.6) 0.090
 Divorced or separated 9 (9.5) 2 (3.6) 7 (17.1)
 Widowed 2 (2.1) 1 (1.8) 1 (2.6)

Level of education
 High school graduate or GED 8 (8.4) 0 (0) 8 (20.5)  < 0.001
 Vocational or technical school 8 (8.4) 2 (3.6) 6 (15.4)
 Some college, including 2 years degree 33 (34.7) 18 (32.1) 15 (38.5)
 Bachelor’s degree 25 (26.3) 18 (32.1) 7 (17.9)
 Master’s degree or doctoral degree 21 (22.1) 18 (32.1) 3 (7.7)

Race
 Non-Hispanic white 83 (87.4) 46 (82.1) 37 (94.9) 0.180
 Hispanic 5 (5.3) 4 (7.1) 1 (2.6)
 Asian or Asian American 5 (5.3) 5 (8.9) 0 (0)
 Other 2 (2.1) 1 (1.8) 1 (2.6)

Family income
  <  $60,000 30 (31.6) 13 (23.2) 17 (43.6) 0.089
  ≥ $60,000 57 (60.0) 38 (67.9) 19 (48.7)
 I would rather not report this 8 (8.4) 5 (8.9) 3 (7.7)

Occupation environment
 Mainly indoors 82 (86.3) 53 (95.6) 29 (74.4) 0.003
 Mainly outdoors 9 (9.47) 1 (1.79) 8 (20.5)
 In a motor vehicle 3 (3.16) 1 (1.79) 2 (5.13)
 Children (n = 97) (n = 56) (n = 41)
 Age (M, SD) 12.7 (2.7) 12 (2.6) 13.7 (2.3) 0.037

Sex
 Male 39 (41.1) 24 (42.9) 15 (38.5) 0.500
 Female 56 (58.9) 32 (57.1) 24 (61.5)

Race/ethnicity
 Non-Hispanic white 81 (85.3) 44 (78.6) 37 (94.9) 0.092
 Hispanic 8 (8.4) 7 (12.5) 1 (2.6)
 Asian or Asian American 4 (4.2) 4 (7.1) 0 (0)
 Other 2 (2.1) 1 (1.8) 1 (2.6)
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urban children recorded a median of 0.27 SED while rural 
children recorded 0.47 SED, however, this was not signifi-
cantly different. On weekend days, urban children recorded a 
median of 0.29 SED while rural children recoded 0.21 SED, 
although not significantly different.

The median UVR exposure for rural and urban children 
participating during their summer break and once school 
started can be found in Table 4. For children participating 
during their summer break, the median UVR dose per day 
was 0.29 SED among urban children and 0.22 SED among 
rural children. During summer break, urban children accu-
mulated 8.21 SED across the study period, while rural chil-
dren accumulated 13.6 SED. For children attending school 
during their study participation, the median UVR dose per 
day was 0.39 SED for urban children and 0.25 SED for 
rural children. On weekdays during school, rural children 
recorded a UVR exposure of 0.44 SED per day and 0.31 dur-
ing peak UVR hours on those days. In contrast, on weekdays 
during the school year, urban children recorded 0.31 SED 
per day and 0.28 during peak UVR hours (Table 4). The 
unadjusted median UVR exposure between urban and rural 
children were not significantly different.

Rural versus urban residence among children did not 
significantly affect UVR dose per day, UVR dose during 
peak hours per day, nor UVR exposure on weekend days 
at the 50th or 95th percentile when adjusting for potential 
confounders (Table 4). The median (50th percentile) UVR 
exposure during peak UVR hours for the entire study period 
was significantly higher (4.14 SED) among rural children 
than urban children when adjusted for potential confounders 
(Table 5). The median UVR exposure per day on weekdays 
was also significantly higher (0.39 SED) for rural children 
than urban children when adjusting for potential confound-
ers (Table 5). The UVR dose for the entire study period was 
significantly higher (17.2 SED) among rural children at the 
 95th percentile compared to urban children when adjusted 
for potential confounders.

Discussion

The current study assessed UVR exposure levels among 
adults and children in a geographic area with high inci-
dence of melanoma and compared UVR exposure between 

Table 2  UVR exposure among adults and by rural and urban residence

Peak UVR hours: 10–4 pm
SED standard erythemal dose

UVR exposure (SED) Total median (range) Urban median (range) Rural median (range) p value

Per day (overall) 0.45 (0.01, 4.73) 0.45 (0.01, 2.16) 0.57 (0.02, 4.73) 0.499
Entire study period 9.98 (0.11, 58.61) 9.35 (0.57, 41.63) 10.1 (0.11, 58.61) 0.551
Peak UVR hours (per day) 0.25 (0.0, 3.29) 0.23 (0.0, 1.48) 0.27 (0.01, 3.29) 0.545
Peak UVR hours (entire study period) 6.36 (0.03, 41.53) 5.73 (0.44, 27.62) 7.69 (0.03, 41.53) 0.570
Weekday (per day) 0.45 (0.01, 4.95) 0.41 (0.01, 2.16) 0.56 (0.01, 4.95) 0.515
Weekend day (per day) 0.47 (0.01, 8.45) 0.47 (0.01, 5.53) 0.45 (0.01, 8.45) 0.464

Table 3  Quantile regression results for comparison of UVR exposure between rural and urban adults at the 50th and 95th percentiles

Peak UVR hours: 10 am–4 pm
SED standard erythemal dose
a Reference category for all models is urban geographic location
b Models were adjusted for age, sex, race/ethnicity, education level, income, occupation, elevation and seasonality
*Significance at p < 0.05

UVR exposure (SED) Unadjusted model 
Median percentile
(CI)

Adjusted  modelb
Median percentile (CI)

Unadjusted model
95th percentile (CI)

Adjusted  modelb
95th percentile (CI)

Per day (overall) 0.12 (− 0.16, 0.41) 0.07 (− 0.36, 0.48) 2.01 (− 0.69, 4.01) 0.93 (− 0.86, 1.55)
Entire study period 0.75 (− 5.18, 5.32) 9.20 (− 3.61, 22.01) 20.50 (− 2.27, 43.22) 24.6 (3.75, 42.74)*
Peak UVR hours (per day) 0.04 (− 0.13, 0.22) 0.01 (− 0.33, 0.34) 0.84 (− 0.98, 2.66) 0.05 (− 1.19, 1.30)
Peak UVR hours (entire study period) 1.96 (− 2.49, 5.44) 4.08 (− 5.08, 13.21) 14.6 (4.91, 24.2)* 16.3 (17.4, 24.63)*
Weekday (per day) 0.15 (− 0.09, 0.40) 0.21 (− 0.45, 0.98) 1.71 (0.33, 3.08)* 0.06 (− 1.28, 0.97)
Weekend day (per day)  − 0.02 (− 0.33, 0.29)  − 0.17 (− 0.93, 0.34) 2.44 (− 3.17,8.06) 1.21 (− 1.51, 3.61)
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participants living in rural and urban areas. On average, 
adults and children living in rural areas had higher total 
objectively-measured UVR exposure at the highest levels 
of exposure (95th percentile) compared to urban adults and 
children. Also, rural children accumulated significantly more 
UVR exposure during the entire study period and during 
peak UVR hours.

The differences in UVR exposure between rural and 
urban adults were most apparent at the highest levels of 
UVR exposure (95th percentile). Rural adult participants in 
this study were more likely to work outdoors or in a motor 
vehicle (compared to indoors), which may explain higher 
mid-day sun exposure dose and high levels of total UVR 
exposure among rural adults at the  95th percentile. These 

higher UVR doses could also be due to the type of out-
door activities (e.g., outdoor chores, outdoor recreational 
activities) and attitudinal factors (e.g., feeling more attrac-
tive when tan) that may differ between rural and urban resi-
dents. For instance, a previous study that included individu-
als between ages 4 and 68 found that the highest levels of 
UVR exposure were obtained by individuals who worked 
outdoors, gardened, golfed and those who enjoy being in 
the sun [19]. Future studies focused on adults could explore 
the role of occupational UVR exposure in UVR exposure 
differences between rural and urban populations. For the 
prevention of harmful occupational UVR exposure, it may 
be beneficial to quantify the amount of UVR exposure typi-
cally observed among individuals with different occupations 

Table 4  Differences in UVR exposure between rural and urban children

Peak UVR hours: 10 am–4 pm
SED standard erythemal dose

UVR exposure (SED) Total median (range) Urban median (range) Rural median (range) p value

Per day (overall)
 All days 0.29 (0.02, 3.54) 0.33 (0.01, 1.89) 0.25 (0.002, 3.54) 0.918
 Summer break 0.28 (0.03, 1.89) 0.29 (0.01, 1.89) 0.22 (0.002, 1.74) 0.900
 School year 0.39 (0.01, 3.54) 0.39 (0.02, 1.68) 0.25 (0.01, 3.54) 0.962

Entire study period
 All days 7.71 (0.04, 38.31) 7.71 (0.04, 30.22) 7.79 (0.08, 38.31) 0.266
 Summer break 8.48 (0.08, 38.31) 8.21 (0.24, 30.22) 13.6 (0.08, 38.31) 0.436
 School year 7.57 (0.04, 37.51) 7.47 (0.04, 26.52) 7.57 (0.70, 37.51) 0.208

Peak UVR hours (per day)
 All days 0.15 (0.0, 3.05) 0.16 (0.0, 1.43) 0.15 (0.0, 3.05) 0.813
 Summer break 0.12 (0.0, 1.26) 0.13 (0.01, 1.26) 0.08 (0.0, 0.69) 0.421
 School year 0.26 (0.0, 3.04) 0.31 (0.0, 1.43) 0.20 (0.0, 3.04) 0.886

Peak UVR hours (entire study period)
 All days 4.85 (0.0, 32.51) 4.75 (0.0, 24.31) 5.71 (0.02, 32.51) 0.256
 Summer break 4.78 (0.03, 25.21) 3.72 (0.05, 23.12) 10.5 (0.02, 25.21) 0.580
 School year 4.89 (0.0, 32.51) 5.19 (0.0, 24.31) 4.89 (0.54, 32.51) 0.342

Weekday (per day)
 All days 0.40 (0.01, 8.99) 0.27 (0.01, 1.89) 0.47 (0.01, 8.99) 0.196
 Summer break 0.40 (0.01, 8.99) 0.27 (0.01, 1.89) 0.67 (0.01, 8.99) 0.218
 School year 0.41 (0.02, 3.58) 0.28 (0.02, 1.71) 0.44 (0.017, 3.58) 0.476

Weekend day (per day)
 All days 0.28 (0.01, 5.46) 0.29 (0.01, 5.45) 0.21 (0.01, 5.46) 0.278
 Summer break 0.23 (0.01, 5.45) 0.23 (0.03, 5.45) 0.23 (0.01, 1.49) 0.578
 School year 0.29 (0.01, 5.46) 0.54 (0.01, 1.90) 0.21 (0.01, 5.46) 0.240

Peak UVR hours (weekdays)
 All days 0.24 (0.0, 8.44) 0.21 (0.0, 1.57) 0.32 (0.0, 8.44) 0.201
 Summer break 0.19 (0.0, 8.44) 0.18 (0.0, 1.14) 0.36 (0.0, 8.44) 0.458
 School year 0.26 (0.0, 2.45) 0.25 (0.0, 1.57) 0.31 (0.0, 2.45) 0.618

Peak UVR hours (weekend days)
 All days 0.20 (0.01, 5.76) 0.23 (0.01, 2.09) 0.13 (0.01, 5.75) 0.193
 Summer break 0.15 (0.01, 1.86) 0.15 (0.01, 1.86) 0.12 (0.01, 1.44) 0.472
 School year 0.25 (0.01, 5.75) 0.38 (0.01, 2.09) 0.16 (0.01, 5.75) 0.098
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to identify those at highest risk for developing melanoma 
and consequently target melanoma prevention efforts and 
screening towards higher risk occupations.

Similar to the pattern observed for adults, rural–urban 
differences in UVR exposure existed for the highest levels 
of exposure (95th percentile) for children. Additionally, 
children also exhibited rural and urban differences in the 
median UVR exposure levels on weekdays and during peak 
UVR hours for the entire study period. Higher UVR expo-
sure among rural children compared to urban children may 
be due to differences in activity types between rural and 
urban children. For example, previous studies have found 
that rural adolescents report spending more time after school 
and during weekdays completing outdoor chores compared 
to urban adolescents who reported spending more time 
engaging in organized sports [20, 21]. Completing outdoor 
chores may result in spending more time outdoors compared 
to those participating in organized sports which could be 
held at times of day with lower UVR exposure levels or 
occur indoors, reducing UVR exposure. Future studies could 
examine the types of outdoor activities that are associated 
with higher UVR exposure. Prevention interventions could 
be tailored to include information on and strategies for pro-
tecting skin during these different types of activities that 
may vary between rural and urban children. For example, 
interventions targeting children living in rural areas could 
include strategies for reducing UVR exposure during activi-
ties that may be more common in rural areas (e.g., outdoor 
chores, ranching, or rodeo).

It is important to note the higher UVR exposure among 
rural children compared to urban children on weekdays, 
consistent with previous findings [9, 22]. While some of 
this exposure may be gained outside of school hours, it is 
likely that rural students receive more UVR exposure while 
they are at school compared to urban children. Given that 
students spend approximately 180 days a year in school, 

schools may be an effective venue in which to both dis-
seminate melanoma prevention educational materials and 
to facilitate students in engaging in preventive behaviors 
[23]. In line with the goals of the U.S. Surgeon General’s 
Call to Action to Prevent Skin Cancer, schools could pro-
vide students with shade structures and promote the use of 
sun protection methods (e.g., applying sunscreen, wearing 
hats) while outdoors at school as a way to reduce their UVR 
exposure during the school day [23].

Overall, the UVR exposure of the entire study popula-
tion varied greatly. For example, for all adults the median 
UVR exposure per day varied from 0.01 SED to 4.73 SED. 
Previous studies have found that for individuals with fair 
skin,1–2 SED is enough to produce a sunburn [24]. This 
is concerning for the individuals who consistently record 
daily doses of above 1 SED, as they are most at risk for 
developing sunburns if not properly engaging in preventive 
behaviors. Future interventions using UVR wearable devices 
may benefit from educating individuals on what their UVR 
dose means and how that relates to their skin type and their 
subsequent individual risk for melanoma.

The current study has several strengths and limitations 
worth noting. Strengths of this study are the inclusion of 
an adult population, which has not been examined in prior 
studies examining geographical differences in UVR expo-
sure in the US. Other strengths include the use of objective 
UVR measurement via a sensitive UV wearable device, and 
the use of a well-established categorization for rural versus 
urban residence [15]. Limitations of this study include the 
limited time period of UVR monitoring, which precluded 
assessment of longer term patterns of UVR exposure. Future 
studies could benefit from recruiting a larger sample of par-
ticipants, with equal numbers from rural and urban areas, to 
evaluate other predictors (e.g., occupation, activity types) of 
UVR exposure within rural and urban populations. Future 
studies may benefit from examining potential differences in 

Table 5  Quantile regression results for the comparison of UVR exposure between rural and urban children at the 50th and 95th percentile

Peak UVR hours: 10 am–4 pm
SED standard erythemal dose
a Reference category for all models is urban geographic area
b Models were adjusted for age, sex, race/ethnicity, elevation and seasonality
*Significance is p value < 0.05

UVR exposure (SED) Median (50th) percentile 95th percentile

Unadjusted model (CI) Adjusted model (CI)b Unadjusted model (CI) Adjusted model (CI)b

Per day (overall)  − 0.08 (− 0.41, 0.25) 0.14 (− 0.28, 0.56) 0.13 (− 1.51, 1.78) 0.17 (− 1.54, 1.89)
Entire study period 0.09 (− 4.79, 5.27) 5.35 (− 3.12, 13.81) 1.62 (− 8.43, 11.62) 17.16 (2.44, 31.92)*
Peak UVR hours (per day)  − 0.01 (− 0.17, 0.16) 0.07 (− 0.16, 0.30)  − 0.14 (− 1.85, 1.56) 0.05 (− 0.98, 1.09)
Peak UVR hours (entire study period) 0.96 (− 2.74, 5.66) 4.14 (0.83, 7.46)*  − 1.99 (− 15.12, 11.13) 9.70 (− 8.15, 27.51)
Weekday (per day) 0.19 (− 0.15, 0.54) 0.39 (0.05, 0.73)* 1.69 (− 3.16, 6.55) 2.86 (− 2.89, 8.63)
Weekend day (per day)  − 0.08 (− 0.34, 0.19) 0.05 (− 0.49, 0.59) 0.74 (− 3.05, 4.53) 1.55 (− 0.85, 3.95)
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amount of time spent outdoors between individuals in rural 
and urban areas that may account for the different patterns 
in UV exposure observed. Another limitation of this study 
includes the use of a study sample from a single geographic 
area, with a large proportion of Non-Hispanic White indi-
viduals, which may make the results less generalizable to 
other parts of the US. Future studies could include a racially 
and ethnically diverse, multi-state sample.

Conclusion

This study was among the first to compare objectively meas-
ured UVR exposure between rural and urban children and 
adults in the US. The differences in UVR exposure should be 
further examined as they relate to sociodemographic (e.g., 
age, sex, income), behavioral (e.g., activity types, use of sun 
protection), and attitudinal (e.g., perceptions of tanness) fac-
tors. The use of an objective and accurate method for UVR 
monitoring has great potential for quantifying the amount 
of UVR exposure among different populations and could be 
used in future melanoma prevention interventions to help 
reduce UVR exposure.

Acknowledgements We greatly appreciate Peter Kaplan and Emma-
nuel Dumont for their guidance on using the Shade device. We also 
greatly appreciate Jared Luther for his assistance with data cleaning.

Funding This work was supported by the National Cancer Institute of 
the National Institutes of Health (K07CA196985; Y.P.W.). This work 
was also supported in Pilot Project Award from the American Can-
cer Society (ACS) Huntsman Cancer Institute Institutional Research 
Grant (129785-IRG-16-190-01-IRG; Y.P.W.), and an NIH New Inno-
vator Award (1DP2EB022360-01; J.D.J). Data for this project was 
collected using REDCap, which is supported by the National Cancer 
Institute of the National Institutes of Health (8UL1TR000105, formerly 
UL1RR025764). The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the National 
Institutes of Health.

References

 1. Armstrong, B. K., & Kricker, A. (1993). How much melanoma is 
caused by sun exposure? Melanoma Research, 3(6), 395–401.

 2. Balk, S. J. (2011). Ultraviolet radiation: A hazard to children and 
adolescents. Pediatrics, 127(3), e791–e817.

 3. Banerjee, S., Hoch, E. G., Kaplan, P. D., & Dumont, E. L. (2017). 
A comparative study of wearable ultraviolet radiometers. Paper 
presented at the 2017 IEEE Life Sciences Conference (LSC).

 4. Bathrellou, E., Lazarou, C., Panagiotakos, D. B., & Sidossis, L. 
S. (2007). Physical activity patterns and sedentary behaviors of 
children from urban and rural areas of Cyprus. Central European 
Journal of Public Health, 15(2), 66.

 5. Bodekær, M., Petersen, B., Philipsen, P. A., Heydenreich, J., 
Thieden, E., & Wulf, H. C. (2015). Sun exposure patterns of 
urban, suburban, and rural children: a dosimetry and diary study 
of 150 children. Photochemical & Photobiological Sciences, 
14(7), 1282–1289.

 6. Brábek, J., Mierke, C. T., Rösel, D., Veselý, P., & Fabry, B. 
(2010). The role of the tissue microenvironment in the regula-
tion of cancer cell motility and invasion. Cell Communication 
Signaling, 8, 22.

 7. Cassidy, P. B., Liu, T., Florell, S. R., Honeggar, M., Leachman, 
S. A., Boucher, K. M., et al. (2017). A phase II randomized 
placebo-controlled trial of oral n-acetylcysteine for protec-
tion of melanocytic Nevi against UV-induced oxidative stress 
in vivo. Cancer Prevention Research, 10(1), 36–44. https ://doi.
org/10.1158/1940-6207.Capr-16-0162.

 8. Dennis, L. K., Vanbeek, M. J., Freeman, L. E. B., Smith, B. J., 
Dawson, D. V., & Coughlin, J. A. (2008). Sunburns and risk of 
cutaneous melanoma: does age matter? A comprehensive meta-
analysis. Annals of Epidemiology, 18(8), 614–627.

 9. Diffey, B., Jansen, C., Urbach, F., & Wulf, H. (1997). The stand-
ard erythema dose: a new photobiological concept. Photoder-
matology, Photoimmunology & Photomedicine, 13(1–2), 64–66.

 10. Duncan, M. J., Kerry Mummery, W., & Kift, R. L. (2008). Geo-
graphical location and sunburn in Queensland adults. Australian 
Journal of Rural Health, 16(3), 181–182. https ://doi.org/10.11
11/j.1440-1584.2008.00971 .x.

 11. Fritschi, L., Green, A., & Solomon, P. J. (1992). Sun exposure 
in Australian adolescents. Journal of the American Academy 
of Dermatology, 27(1), 25–28. https ://doi.org/10.1016/0190-
9622(92)70150 -E.

 12. Geller, A. C., Colditz, G., Oliveria, S., Emmons, K., Jorgensen, 
C., Aweh, G. N., et al. (2002). Use of sunscreen, sunburning 
rates, and tanning bed use among more than 10 000 US chil-
dren and adolescents. Pediatrics, 109(6), 1009–1014. https ://
doi.org/10.1542/peds.109.6.1009.

 13. Godar, D. E., Wengraitis, S. P., Shreffler, J., & Sliney, D. H. 
(2001). UV doses of Americans. Photochemistry and Pho-
tobiology, 73(6), 621–629. https ://doi.org/10.1562/0031-
8655(2001)07306 21UDO A2.0.CO2.

 14. Kalia, S., Kwong, Y. K. K., Haiducu, M. L., & Lui, H. (2013). 
Comparison of sun protection behaviour among urban and rural 
health regions in Canada. Journal of the European Academy of 
Dermatology and Venereology, 27(11), 1452–1454. https ://doi.
org/10.1111/jdv.12084 .

 15. Køster, B., Søndergaard, J., Nielsen, J. B., Christensen, K. B., 
Allen, M., Olsen, A., et al. (2017). Knowledge deficit, attitude 
and behavior scales association to objective measures of sun 
exposure and sunburn in a Danish population based sample. 
PLoS ONE, 12(5), e0178190.

 16. Matz, C. J., Stieb, D. M., & Brion, O. (2015). Urban-rural dif-
ferences in daily time-activity patterns, occupational activity 
and housing characteristics. Environmental Health: A Global 
Access Science Source, 14, 88–88. https ://doi.org/10.1186/
s1294 0-015-0075-y.

 17. Rural Urban Commuting Area Codes. (2017). Retrieved from 
https ://depts .washi ngton .edu/uwruc a/

 18. Sandercock, G., Angus, C., & Barton, J. (2010). Physical activ-
ity levels of children living in different built environments. Pre-
ventive Medicine, 50(4), 193–198. https ://doi.org/10.1016/j.
ypmed .2010.01.005.

 19. Target Prospects. Retrieved from https ://www.exper ian.com/
corpo rate/about -exper ian.html

 20. Thieden, E., Philipsen, P. A., Heydenreich, J., & Wulf, H. C. 
(2004). UV radiation exposure related to age, sex, occupation, 
and sun behavior based on time-stamped personal dosimeter 
readings. Archives of Dermatology, 140(2), 197–203. https ://
doi.org/10.1001/archd erm.140.2.197.

 21. United State Cancer Statistics: Data Visualizations. (2019). 
Retrieved from https ://gis.cdc.gov/grasp /USCS/DataV iz.html

https://doi.org/10.1158/1940-6207.Capr-16-0162
https://doi.org/10.1158/1940-6207.Capr-16-0162
https://doi.org/10.1111/j.1440-1584.2008.00971.x
https://doi.org/10.1111/j.1440-1584.2008.00971.x
https://doi.org/10.1016/0190-9622(92)70150-E
https://doi.org/10.1016/0190-9622(92)70150-E
https://doi.org/10.1542/peds.109.6.1009
https://doi.org/10.1542/peds.109.6.1009
https://doi.org/10.1562/0031-8655(2001)0730621UDOA2.0.CO2
https://doi.org/10.1562/0031-8655(2001)0730621UDOA2.0.CO2
https://doi.org/10.1111/jdv.12084
https://doi.org/10.1111/jdv.12084
https://doi.org/10.1186/s12940-015-0075-y
https://doi.org/10.1186/s12940-015-0075-y
http://depts.washington.edu/uwruca/
https://doi.org/10.1016/j.ypmed.2010.01.005
https://doi.org/10.1016/j.ypmed.2010.01.005
http://www.experian.com/corporate/about-experian.html
http://www.experian.com/corporate/about-experian.html
https://doi.org/10.1001/archderm.140.2.197
https://doi.org/10.1001/archderm.140.2.197
https://gis.cdc.gov/grasp/USCS/DataViz.html


Journal of Community Health 

1 3

 22. Utah’s Behavioral Risk Factor Surveillance System (BRFSS). 
(2018). Retrieved from https ://ibis.healt h.utah.gov/query /resul t/
brfss /Landl ineCe llAge Adj5_SunSa fety/SunSa fety.html

 23. Watson, M., Holman, D. M., & Maguire-Eisen, M. (2016). Ultra-
violet radiation exposure and its impact on skin cancer risk. 
Seminars in Oncology Nursing, 32(3), 241–254. https ://doi.
org/10.1016/j.soncn .2016.05.005.

 24. Whiteman, D. C., Whiteman, C. A., & Green, A. C. (2001). Child-
hood sun exposure as a risk factor for melanoma: A systematic 

review of epidemiologic studies. Cancer Causes and Control, 
12(1), 69–82.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://ibis.health.utah.gov/query/result/brfss/LandlineCellAgeAdj5_SunSafety/SunSafety.html
https://ibis.health.utah.gov/query/result/brfss/LandlineCellAgeAdj5_SunSafety/SunSafety.html
https://doi.org/10.1016/j.soncn.2016.05.005
https://doi.org/10.1016/j.soncn.2016.05.005

	Higher Ultraviolet Radiation Exposure Among Rural-Dwelling Versus Urban-Dwelling Adults and Children: Implications for Skin Cancer Prevention
	Abstract
	Introduction
	Methods
	Study Sample
	Study Procedures
	Statistical Analysis

	Results
	Adults’ UVR Exposure
	Children’s’ UVR Exposure

	Discussion
	Conclusion
	Acknowledgements 
	References




