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Abstract

Objective—To examine the association between demographic and behavioral characteristics and
sunburn among U.S. adults.

Method—We used 2010 National Health Interview Survey data (N = 24,970) to conduct
multivariable logistic regressions examining associations with having 1 or more sunburns in the
past year and having 4 or more sunburns in the past year.

Results—Overall, 37.1% of adults experienced sunburn in the past year. The adjusted prevalence
of sunburn was particularly common among adults aged 18-29 years (52.0%), those who
repeatedly burn or freckle after 2 weeks in the sun (45.9%), whites (44.3%), indoor tanners
(44.1%), those with a family history of melanoma (43.9%), and those who are US-born (39.5%).
Physical activity, alcohol consumption, and overweight/obesity were positively associated with
sunburn (all P < 0.001); sun protection behaviors were not significantly associated with sunburn
(P = 0.35). Among those who were sunburned in the past year, 12.1% experienced 4 or more
sunburns.

Conclusion—Sunburn is common, particularly among younger adults, those with a more sun-
sensitive skin type, whites, those with a family history of melanoma, the highly physically active,
and indoor tanners. Efforts are needed to facilitate sun-safety during outdoor recreation, improve
the consistency of sun protection practices, and prevent sunburn, particularly among these
subgroups.
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Introduction

As the most common type of cancer in the United States, skin cancer is an urgent public
health concern (Stern, 2010). Most of these skin cancers are non-melanoma skin cancers
(NMSC) such as basal and squamous cell carcinomas which are treatable but can be
disfiguring and costly to treat (Bickers et al., 2006; Guy and Ekwueme, 2011). Melanoma,
one of the most common cancers among adults under the age of 40, can be deadly (Weir et
al., 2011). In 2010 alone, more than 9000 people in the United States died from melanoma
(U.S. Cancer Statistics Working Group, 2013). In addition to the health burden, skin cancer
treatment costs were estimated to be $1.7 billion in 2004, with an additional $3.8 billion in
costs due to lost productivity (Bickers et al., 2006). Although genetic factors contribute to
skin cancer risk, exposure to ultraviolet (UV) radiation from the sun and from artificial
sources (i.e., indoor tanning devices) is a well-recognized cause of skin cancer (Armstrong
and Kricker, 2001; Boniol et al., 2012; EI Ghissassi et al., 2009; IARC, 2007; Lazovich et
al., 2010). Research shows that sunburn at any age is associated with an increased risk for
melanoma and basal cell carcinoma (Armstrong and Kricker, 2001; Dennis et al., 2008;
Veierod et al., 2003). Sunburn often occurs after intermittent UV exposure (e.g., recreational
exposure) and indicates both the intensity of the exposure and the individual’s sensitivity to
UV radiation.

Previous reports indicate that sunburn is common among adults and is associated with
characteristics such as age, sex, race, ethnicity, and skin type (Buller et al., 2011; CDC,
2007; CDC, 2012; National Cancer Institute, 2012). Sunburn and behaviors that can lead to
sunburn may also be associated with other health-related behaviors (e.g., smoking and
alcohol consumption) (Coups et al., 2008; Heckman et al., 2012) and psychosocial factors
(e.g., perceived benefits of tanning) (Heckman et al., 2012). The objective of this study is to
examine the association between demographic and behavioral characteristics and sunburn
among U.S. adults to inform future skin cancer prevention interventions.

Materials and methods

Study population

We analyzed the data from the 2010 National Health Interview Survey (NHIS), a nationally-
representative cross-sectional survey of the civilian, non-institutionalized, U.S. population
(CDC, 2013). The main objective of NHIS is to monitor the health of the U.S. population
through collection and analysis of data on a broad range of health topics. NHIS data
collection involves a complex, multistage sample design, including stratification, clustering,
and oversampling of specific population subgroups. Interviews are conducted mainly in
person with adults aged 18 years and older within each household, with follow-up by
telephone when necessary. The Cancer Control Module and Sample Adult Core obtain
additional information from one randomly selected adult in each family. In 2010, 27,157
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adults were interviewed, with a final response rate of 60.8% (CDC, 2011). Our analysis
included 24,970 respondents after excluding those with a personal history of melanoma (n =
171) and those with unknown or missing responses to the questions about melanoma (n =
37) or sunburn (n = 1979).

Respondents were asked, “During the past 12 months, how many times have you had a
sunburn?” If necessary, the survey administrator read the following statement: “By
‘sunburn’ we mean even a small part of your skin turns red or hurts for 12 hours or more.
Also include burns from sunlamps and other indoor tanning devices.”

Demographic and behavioral characteristics

Variables examined in relation to sunburn included demographic characteristics (sex, age
group, race-ethnicity, marital status, education level, health insurance status, U.S. region,
foreign-born status, skin’s reaction after two weeks in the sun, family history of melanoma,
and history of a cancer diagnosis), health-related behaviors (sun protection, indoor tanning
device use, receipt of a skin exam, physical activity, alcohol consumption, and smoking
status), and body mass index (BMI).

Most variables examined in relation to sunburn were based on a single survey item. The
exception was the variable for sun protection, which was computed from multiple survey
items. Respondents were asked, “When you go outside on a warm sunny day for more than
one hour, how often do you:

e  Stay in the shade?

»  Wear a hat that shades your face, ears, and neck such as a hat with a wide brim all
around?

e Wear along sleeved shirt?
»  Wear long pants or other clothing that reaches your ankles?
e Use sunscreen?”

Response options for each were always, most of the time, sometimes, rarely, and never. We
created a dichotomous sun protection variable in which respondents were given a 1 if they
reported engaging in at least 1 or more of the protective behaviors always or most of the time
and a 0 if they did not. Respondents who reported using sunscreen were asked the SPF
number of their sunscreen. Sunscreen use was only counted for respondents using a
sunscreen with SPF =15. A small percentage of individuals responded to the sun protection
questions by saying that they “don’t go out in the sun.” For these analyses, we considered
not going out in the sun to be a protective behavior and gave participants a 1 for this
response.

Statistical analyses

We examined the association between demographic and behavioral characteristics and
having one or more sunburns (versus no sunburn) in the past year among all adults. Because
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melanoma rates are higher among non-Hispanic whites compared to other racial/ethnic
groups (Wu et al., 2011), we repeated this analysis while stratifying by racial/ethnic group.
To explore frequent sunburn, we examined the prevalence of having 4 or more sunburns
among adults having any sunburn in the past year. We assessed these associations with
unadjusted percentages using the Wald chi-square test and adjusted percentages (predictive
margins) from multivariable logistic regression models using the Wald-F test (Graubard and
Korn, 1999). Because rates of melanoma tend to be higher in young women (under the age
of 40) compared with young men but higher among older men compared with older women
(Jemal et al., 2011), we tested an interaction between sex and age. We assessed differences
between categories within a variable using linear contrasts. The results regarding frequent
sunburn were presented only for variables with a P-value of <0.05 in either the unadjusted
or the adjusted model. We considered P-values < 0.05 statistically significant.

Because multiple risk behaviors often co-occur, we created a risk behavior index in which
we summed the prevalence of 4 risk behaviors: heavy alcohol consumption, being a current
smoker, being overweight or obese, and not meeting the 2008 Physical Activity Guidelines
for strength or aerobic activity (U.S. Department of Health and Human Services, 2008).
Potential scores ranged from O (lowest risk) to 4 (highest risk). We reran all analyses using
this index in place of the 4 individual behavior variables.

We used SAS-callable SUDAAN to account for the complex sampling design. We
calculated national estimates of the prevalence of sunburn, with weights provided with the
NHIS data file to account for the probability of selection and non-response.

In 2010, an estimated 37.1% of adults aged 18 years and older experienced at least one
sunburn in the past 12 months (Table 1). The highest prevalence of sunburn was observed
among adults aged 18-29 (52.0%), and the prevalence decreased with age (P < 0.001) (Fig.
1). There was no significant difference in sunburn prevalence between males and females in
the adjusted model. The interaction term between age and sex also was not significant (P =
0.273) and was excluded from the model. Sunburn was particularly common among those
with skin that burns repeatedly and/or freckles after 2 weeks in the sun (45.9%), whites
(44.3%), and those with a family history of melanoma (43.9%). Sunburn varied by U.S.
region, ranging from 36.5% in the South to 40.4% in the Midwest (P = 0.001). Sunburn was
less common among those who had lived in the U.S. for less than 10 years (22.4%)
compared to those who were born in the U.S. (39.5%) or had lived in the U.S. for 10 or
more years (33.4%; P < 0.001). Other demographic characteristics associated with sunburn
included having at least some college education compared to having less education (P =
0.005) and having private/military insurance (39.2%) compared to other insurance types
(35.8%; P =0.001).

The adjusted sunburn prevalence was also positively associated with indoor tanning device
use, physical activity, alcohol consumption, and being overweight or obese (all P < 0.001)
(Table 1). With regard to physical activity, adults who met the 2008 Physical Activity
Guidelines for both strength and aerobic activity (U.S. Department of Health and Human
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Services, 2008) had the highest prevalence of sunburn (41.7%), followed by those who met
the guidelines for aerobic activity only (39.2%; P < 0.001). With regard to alcohol
consumption, sunburn was more common among current drinkers (39.8%) compared to both
former (35.8%) and never drinkers (33.2%; P < 0.001). Sunburn was negatively associated
with ever having had a skin exam (P = 0.015). Sunburn was not significantly associated with
smoking status or sun protection. As a sensitivity analysis, we ran a separate model in which
we did not count “do not go in the sun” in the sun protection variable; this model yielded
very similar results. Findings were also very similar when the analysis was limited to non-
Hispanic whites only (Table 1). The one notable difference was that among non-Hispanic
whites, those who used sun protection were less likely to experience sunburn, an association
that approached statistical significance (P = 0.056). This trend was not observed for the
other racial/ethnic groups (data not shown).

Among adults who experienced sunburn in the past 12 months, 12.1% had 4 or more
sunburns (Table 2). Experiencing 4 or more sunburns was negatively associated with age
group (P < 0.001) and was common among ages 18—29 years (16.0%), blacks (18.5%), those
with skin that burns or freckles repeatedly after 2 weeks in the sun (19.1%), and those who
“do not go out in the sun” (23.4%). We found similar patterns for all analyses when we reran
them using the risk behavior index in place of individual behavior variables; the index was
positively associated with sunburn (results not shown).

Discussion

Sunburn is common among U.S. adults, especially among younger adults and those who are
most susceptible to skin cancer (i.e., whites, those with skin that burns repeatedly, and those
with a family history of melanoma). Sunburn risk can be reduced by engaging in protective
behaviors when outdoor in the sun. The lack of a strong association between sunburn and
sun protection may suggest a need to further examine 1) the relative importance of different
sun protective behaviors, 2) the clustering of sun protective behaviors, and 3) compliance
with recommendations for sunburn avoidance.

The relationship observed between sunburn and foreign-born status is consistent with other
research showing that more acculturated individuals demonstrate riskier skin cancer-related
behaviors (Andreeva et al., 2009). The association between sunburn and other risky
behaviors (i.e., alcohol use and overweight/obesity) indicates that some risky behaviors may
cluster, suggesting a need for more comprehensive health promotion efforts that address
multiple health behaviors. Previous research indicates that excess body weight is associated
with a decreased risk for NMSC but not for melanoma (Pothiawala et al., 2012; Tang et al.,
2013). Those who are overweight or obese may experience less chronic sun exposure
compared to those who are of normal weight but may be more likely to experience
intermittent sun exposure. This would explain the seemingly contradictory findings of a
lower risk for NMSC and a higher risk for sunburn (Pothiawala et al., 2012). The association
with indoor tanning suggests a link between sunburn and appearance-related behaviors.
Although the data do not allow for conclusions regarding how the sunburns happened, some
may have occurred while individuals were trying to get a tan. The association between
sunburn and physical activity may reflect increased incidental sun exposure among the more
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physically active. Previous research suggests that more physically active individuals may
engage in more skin cancer risk-related behaviors than those who are sedentary (Coups et
al., 2008), or as a function of their recreational pursuits, may engage similarly to the
physically inactive in overall sun protection, but use different strategies (i.e., use of clothing
and chemical barriers rather than sun avoidance strategies) and require greater than average
vigilance with sun protection (Lawler et al., 2007). Collectively, these findings suggest a
need for more coordination across efforts to improve sun-safety and efforts to increase
physical activity. One potential strategy would be to leverage shared partnerships with
relevant organizations and stakeholders to create environments and incorporate practices
that promote both sun-safety and physical activity (e.g., increasing shade availability in
outdoor recreational spaces, including sunscreen use and reapplication prompts along with
hydration recommendation messaging, encouraging use of sport specific clothing with an
adequate SPF).

Having 4 or more sunburns in the past 12 months occurred among 12% of adults
experiencing sunburn and was particularly common among those who do not go out in the
sun. This is a novel finding that has not previously been discussed in the literature. Some of
these results could be due in part to limitations of self-reported data and misunderstanding of
the survey questions. It is also possible that those who report that they avoid going in the sun
altogether may do so because of extreme skin sensitivity to the sun. This extreme sun-
sensitivity might explain why some individuals are getting frequent burns in spite of efforts
to avoid the sun. Those who do not often go outdoors for extended periods of time may also
be less prepared to protect themselves when they do spend time outdoors. Frequent sunburn
was also common among blacks. Skin type and sun-sensitivity vary greatly among blacks
(Galindo et al., 2007; Pichon et al., 2010), and previous research indicates that blacks may
be less likely to engage in certain protective behaviors, particularly sunscreen use, compared
to other racial/ethnic groups (CDC 2012; Pinchon et al., 2010). Efforts to make sun
protection the easy or default choice may help to reduce barriers to sunburn avoidance
(Frieden 2010). Additionally, more nuanced public health messaging tailored to the various
skin types may help to clarify misunderstandings about susceptibility.

These findings may inform future interventions to reduce skin cancer risk-related behaviors,
particularly regarding target audiences and key intervention strategies. For example, the
prevalence of frequent sunburn among all racial/ethnic groups indicates the importance of
using photosensitivity to identify those at increased skin cancer risk, rather than relying
solely on race/ethnicity. Furthermore, UV exposure can be either intentional (e.qg.,
sunbathing and indoor tanning) or incidental (e.g., sun exposure during outdoor activities),
and different strategies may be needed to address these different types of UV exposure. UV
exposure is well-documented as causing premature skin aging, and consistent use of sun
protection when outdoors and regular sunscreen use may help to prevent or delay
photoaging (Fisher et al., 2002; Hughes et al., 2013; Wlaschek et al., 2001), in addition to
reducing skin cancer risk (Green et al., 2011; van der Pols et al., 2006). The opportunity to
prevent photoaging may be particularly motivating for those concerned about their
appearance (e.g., tanners), and recent evidence suggests that appearance-related messages
are effective in reducing UV exposure among young women (Lin et al., 2011). The US
Preventive Services Task Force recommends counseling in a clinical setting for children,
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adolescents, and young adults aged 10 to 24 years who have fair skin about minimizing their
exposure to ultraviolet radiation to reduce risk for skin cancer (USPSTF 2012). Such
counseling could include cancer prevention or appearance-focused messages and could be
done during a primary care visit (Lin et al., 2011; USPSTF 2012).

Different messages or intervention strategies may be needed for older adults, men, and
individuals who do not necessarily seek out a tan but regularly engage in outdoor activities.
For example, active individuals who spend much of their recreational time outdoors may
benefit from environmental supports that facilitate sun-safety (e.g., shaded outdoor areas).
Additionally, men are less likely to use sunscreen compared to women (CDC, 2012), so the
use of other sun protection methods may be more appealing to men. More research is needed
to determine the most effective approaches for increasing sun safety and preventing sunburn
among these different subgroups.

Study limitations and strengths

This study has both strengths and limitations that should be considered. The use of a
nationally-representative sample means that results are generalizable to the U.S. population,
and ongoing collection of such data allows for continued monitoring of sunburn among U.S.
adults. Furthermore, the large sample size and numerous demographic and behavioral
variables allowed us to explore differences across many key subgroups. However, this study
relied on the use of many single item indicators of health behaviors which introduces the
potential for measurement error. The variable we used to measure sun protection is
particularly limited because it does not take into account the use of multiple sun protective
behaviors, the amount of exposed skin, or the time and intensity of participants’ UV
exposure. There may also be residual confounding, as those who are the most sun-sensitive
may also be most likely to engage in sun protective behaviors. Furthermore, the data are
self-reported and subject to potential bias (e.g., recall bias and socially desirable responses),
and the cross-sectional design limits the exploration of cohort effects and causal
associations.

Conclusions

Sunburn is an important and preventable skin cancer risk factor. The results from this study
indicate that sunburn is common among U.S. adults, especially among younger adults and
those who are most susceptible to skin cancer. Given the high prevalence of skin cancer,
sunburn prevention is critical. More public health efforts are needed, including
environmental supports to facilitate sun safety during outdoor recreation and more targeted
prevention efforts focusing on specific subgroups (i.e., intentional tanners, those who engage
in frequent outdoor recreation, and those at an increased risk for skin cancer).
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Fig. 1.

Percentage of U.S. adults who experienced =1 sunburn in the past 12 months, by sex and age
group, National Health Interview Survey, 2010.
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Table 2

Unadjusted and adjusted percentages of adults who experienced 4 or more sunburns in the past 12 months
(among those experienced any sunburn), National Health Interview Survey, 2010.

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Unadjusted % (95% CI1)@ (n = PP Adjusted % &C (95% CI) pd
8146)

Total 12.1(11.3,12.9)

Demographic characteristics

Sex 0.298 0.236
Male 12.6 (11.3, 14.0) 12.5 (11.2, 14.0)

Female 11.6 (10.5, 12.8) 11.3 (10.1, 12.6)
Age group <0.001 <0.001
18-29 15.4 (13.6, 17.3) 16.0 (13.8, 18.5)
30-39 12.7 (11.2, 14.4) 12.0 (10.5, 13.7)
40-49 10.1 (8.6, 11.9) 105 (9.0, 12.3)
50-65 9.3 (7.9, 11.0) 8.4 (6.8, 10.2)
>66 10.2 (7.7, 13.4) 9.1 (6.5, 12.7)

Race/ethnicity® <0.001 0011

White 12.1(11.2,13.1) 11.9 (11.0, 13.0)
Black 19.1 (15.1, 24.0) 18.5 (13.9, 24.2)
Hispanic 11.1(9.2,13.3) 10.5 (8.5, 12.9)

Other race 7.3 (4.6, 11.6) 9.1 (5.6, 14.6)

Marital status 0.010 0.536
Married/living with partner 11.0 (10.0, 12.1) 11.4 (10.3, 12.6)
Divorced/separated 12.0 (9.9, 14.5) 13.2 (10.7, 16.3)

Widowed 11.6 (7.7, 17.2) 12.1 (7.3, 19.4)
Never married 14.9 (13.1,17) 12.7 (10.9, 14.7)

U.S. region 0.014 0.005
Northeast 9.8 (8.0, 11.8) 8.9 (7.0, 11.3)

Midwest 13.4 (11.8,15.2) 13.8 (12.2, 15.7)
South 12.9 (11.5, 14.5) 12.7 (11.2, 14.5)
West 11.3 (9.8, 12.9) 10.8 (9.3, 12.6)

Skin’s reaction after 2 weeks in the sun <0.001 <0.001
Very dark tan 9.7 (7.8, 12.0) 9.8(7.8,12.1)

Moderate tan 8.9(7.7,10.3) 8.4(7.2,9.8)
Mild tan 11.3 (9.9, 13.0) 11.4 (9.9, 13.1)
Burn repeatedly/freckle 18.6 (16.4, 21.0) 19.1 (16.8, 21.6)
Do not go out in the sun 23.5(17.5, 30.6) 23.4(17.3,30.8)
Behavioral characteristics
Meets 2008 Physical Activity Guidelines for Americans 0.021 0.032

Meets neither criteria
Meets strength only

Meets aerobic only

11.0 (9.8, 12.5)
9.0 (5.9, 13.6)
12.1 (10.6, 13.8)
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Unadjusted % (95% CI1)& (n = PP Adjusted % &C (95% CI) pd
8146)
Meets both aerobic and strength criteria 13.9 (12.3, 15.6) 13.8(12.1,15.7)
Overweight or obese 0.276 0.012
Yes 12.5 (11.4, 13.6) 12.9 (11.7, 14.1)
No 11.5 (10.1, 13.0) 10.5 (9.2, 11.9)

Note: only variables with a significance level of <0.05 in the unadjusted or adjusted models are presented in this table except for sex. In addition to
the variables shown in the table, the adjusted model includes the following variables: education level, insurance category, foreign-born status,
family history of melanoma, ever been told of having cancer, sun protection behaviors, indoor tanning device use, ever had a skin exam, alcohol
consumption, being overweight or obese, and smoking status.
a . TR .

Percentages are weighted to the non-institutionalized population.
b -

P values based on Wald 12 test for association.
C. . .

The adjusted model is based on a sample of 7437 respondents.

P values based on overall Wald F test for association from multivariable logistic regression models.

e - . Lo o . . .
Persons identified as Hispanic might be of any race. Persons identified as white, black, or other race are all non-Hispanic.
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