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Abstract

Background The goal of this study was to investigate the association of health literacy with skin cancer risk and protective
behaviors among young adults at moderate to high risk of skin cancer, the most common cancer.

Method A US national sample of 958 adults, 18-25 years old, at moderate to high risk of developing skin cancer, completed a
survey online. Behavioral outcomes were ultraviolet (UV) radiation exposure (e.g., indoor and outdoor tanning, sunburn) and
protective (e.g., sunscreen use, sunless tanning) behaviors. Multivariable regression analyses were conducted to determine
whether health literacy (a four-item self-report measure assessing health-related reading, understanding, and writing) was asso-
ciated with behavioral outcomes while controlling for demographic factors.

Results Higher health literacy was independently associated with less sunbathing, odds ratio (OR)=0.77, 95% confidence interval
(CI) =0.60-0.98; less indoor tanning, OR =0.38, CI =0.31-0.48; and less use of tanning oils, OR = 0.54, CI=0.43-0.69. However,
health literacy was also associated with a lower likelihood of wearing long pants, OR = 0.76, CI = 0.58-0.99, or a hat, OR = 0.68, CI =
0.53-0.87, when outdoors. On the other hand, higher health literacy was associated with higher incidental UV exposure, OR = 1.69,
CI=1.34-2.14, and a greater likelihood of ever having engaged in sunless tanning, OR = 1.50, CI=1.17-1.92.

Conclusion Interestingly, higher health literacy was associated with lower levels of intentional tanning yet also higher incidental
UV exposure and lower skin protection among US young adults. These findings suggest that interventions may be needed for
young adults at varying levels of health literacy as well as populations (e.g., outdoor workers, outdoor athletes/exercisers) who
may be receiving large amounts of unprotected incidental UV.

Keywords Health literacy - Skin cancer - Prevention - Young adults - Risk behaviors

Introduction cancer include personal or family history of skin cancer, fair

skin, and ultraviolet radiation (UV) from the sun and/or indoor
Skin cancer (keratinocyte carnicomas and melanomas) is the  tanning [3, 6-10]. It is common for young adults in the USA
most common cancer, with nearly five million diagnoses  to expose themselves to large amounts of UV and protect their
made annually in the USA, and it has been increasing in inci-  skin poorly [11-14]. Numerous correlates of UV exposure and
dence for several decades [1-5]. Major risk factors for skin  skin protective behaviors among young adults have been
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investigated. These include demographic, phenotypic, cogni-
tive, and interpersonal variables [13, 15-19]. Surprisingly, one
potential correlate that has garnered only minimal attention is
health literacy.

Health literacy is “the degree to which individuals have the
capacity to obtain, process, and understand basic health infor-
mation and services needed to make appropriate health
decisions” [20]. Health literacy is an important determinant of
health-related behaviors such as adherence to medical recom-
mendations [21-25]. More specifically, health literacy is asso-
ciated with cancer prevention and detection attitudes and be-
haviors. For example, low health literacy has been found to be
associated with lower information seeking, avoiding informa-
tion about diseases one does not have, fatalistic attitudes toward
cancer, less accuracy in identifying the purpose of cancer
screening tests, lower self-efficacy for cancer screening, and
avoiding doctor’s visits [23, 26]. Individuals with low health
literacy have been found to be less likely to be adherent with
recommendations for colorectal cancer screening [23, 25], cer-
vical cancer screening [21, 22], and breast cancer screening
[24]. Numerous studies including systematic reviews and large
national studies have reported that many Americans have a low
level of health literacy, which is not adequate to comprehend
many existing health intervention materials [27-29].

Only a few prior studies have assessed the association be-
tween health literacy and skin cancer risk and/or protective
behaviors. One relevant study was conducted with fair-
skinned adults with or without skin cancer recruited from hos-
pitals in eight countries in Europe [30]. The authors found that
in univariable analyses, higher health literacy was associated
with greater sunscreen and sunbed use. Positing that either
indoor tanners are aware of the risks and tan anyway or that
they are not aware of the risks, the authors provided evidence
for both arguments. However, in multivariable analysis, higher
health literacy was associated only with greater sunscreen use
[30]. A follow-up with this sample found that outdoor workers
reported higher occupational and leisure UV exposure, lower
sunscreen use, and lower health literacy compared to indoor
workers [31]. Finally, a study on vitamin D supplementation
among older Chinese adults found that health literacy was as-
sociated with higher sunlight exposure [32].

The purpose of the current study was to investigate the
association of skin cancer risk (sun exposure, indoor tanning)
and protective (skin protection, sunless tanning) behaviors
with health literacy in a US sample of young adults, which
is a different population from prior research. In addition, the
current study includes a greater variety of measures of skin
cancer-related behaviors including UV exposure and sunless
tanning (temporary bronzing of the skin using UV-free lotion
or spray) as well as additional sociodemographic variables
(skin pigmentation, receiving public assistance, and perceived
ability to live on income) that could be associated with health
literacy or skin cancer risk and protective behaviors. Based on

the findings of the prior studies, it was hypothesized that
health literacy would be positively associated with skin pro-
tection. However, due to the mixed and counter-intuitive find-
ings of these prior studies, there was no hypothesis for the
direction of the association between health literacy and out-
door and indoor UV exposure. Individuals who engage in
sunless tanning tend to have higher levels of education and
income than non-users [33, 34], demographic variables that
tend to be associated with health literacy. Therefore, it was
expected that sunless tanning would be associated with higher
health literacy. This topic is important because the public is
barraged with public health news and messages and commer-
cial marketing efforts (e.g., by the indoor tanning industry)
and likely has difficulty interpreting the large amounts of often
conflicting information. Study findings might suggest whether
sun safety behaviors should be addressed differently for indi-
viduals with lower versus higher health literacy.

Materials and Methods
Participants

Eligible participants were 18-25 years old, had never had skin
cancer, and were at moderate to high risk of developing skin
cancer based on the 9-item Brief Skin Cancer Risk
Assessment Tool (BRAT, see “Measures of Interest”) [35].

Measures of Interest

BRAT [35] BRAT skin cancer risk items included personal skin
cancer history (ineligible), hair and skin color, sensitivity to
burning and tanning, number of moles and freckles, lifetime
sunburn history, and climate of childhood residence. The nine
items are weighted, resulting in a 0—78 score. The BRAT authors
recommend a cutoff of >27 to denote moderate to high skin
cancer risk. Internal and test-retest reliability compare favorably
to those reported in the literature for similar items/scales [35].
Cronbach’s alpha in the current sample was 0.76.

Demographics Standard demographic items assessed age, sex,
and education (less than a standard 4-year college degree vs. at
least a standard 4-year college degree). Self-rated fair/very
fair skin versus olive, light brown, medium brown, dark
brown/black (from the BRAT [35]), climate of geographic
region (Southern USA/Hawaii vs. Northern USA), receiving
public assistance (yes vs. no), and perceived ability to live on
income (1 =not hard at all, 5 = extremely hard or impossible)
were also assessed. Items, other than from the BRAT, were
written by the authors.

Health Literacy Problems with understanding written health
information (e.g., instructions, pamphlets) and confidence in
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filling out medical forms independently were assessed using
three items adapted from Chew and colleagues [36].
Responses ranged from 0 (always) to 4 (never), with two items
reverse-scored. This is a well-validated measure of health lit-
eracy [36]. One item was adapted for a young healthy popu-
lation by changing “your medical condition” to “your health”.
A self-rating of reading ability item from Jeppesen and col-
leagues [37] was also added to the other items. The scale had a
Cronbach’s alpha of 0.72 in the current sample. Higher scores
indicate better health literacy. A brief, subjective measure that
could be completed online was selected to minimize partici-
pant burden.

Exposure and Protective Behaviors Participants who reported
being outdoors for more than a few minutes at a time during
the past month (all but 8.7%, n = 84) were queried about the
frequency of engagement in seven skin protection behaviors
(e.g., sunscreen use, clothing, hat, shade, sunglasses) in the
past month using items adapted from Glanz and colleagues
[38] and Ingledew and colleagues [39]. Responses ranged
from O (never) to 4 (always), which were dichotomized (0
and 1 =lower, 2 to 4 =higher). UV exposure behaviors were
also assessed. The number of days per week of sunbathing
and incidental sun exposure (time spent in the sun when not
trying to get a tan, e.g., working) in the past month were
reported separately and dichotomized as zero versus one or
more days. Also assessed were the number of sunburns and
frequency of indoor tanning in the past month [38, 40], which
were recoded dichotomously as did not occur versus did occur
(0 or 1). An item adapted from Ingledew and colleagues [39]
asked about frequency of use of tanning products that facili-
tate a faster or deeper tan (i.e., tanning oils). Responses ranged
from 0 (always) to 4 (never) and were also dichotomized (0
and 1 =lower, 2 to 4 = higher). Finally, ever engaging in sun-
less tanning [40] was assessed (no =0, yes = 1). Several stud-
ies have demonstrated the reliability and validity of self-report
questionnaires of UV exposure and protection compared to
observation and objective measures with no systematic bias
identified among various populations [41-43].

Procedures

Recruitment and Screening Participants were recruited nation-
ally online by a consumer research company, Survey
Sampling International (SSI) [19, 44], using their US consum-
er opinion panel and partnerships with other panels and online
communities. Internet panel-based research is becoming more
widespread, and research samples recruited from Internet
panels have been found to be representative of the US popu-
lation [45—47]. SSI panelists were exposed to brief Web ban-
ner ads about a skin cancer prevention study from which they
could click to enter the study Web site. Once at the study Web
site, interested candidates were asked to complete the study
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screener (i.e., age, skin cancer history, and the BRAT), which
was scored automatically. Forty-eight percent of individuals
who submitted a screening form were deemed eligible.

Consent and Survey Eligible participants were automatically
directed to the online informed consent form, which could be
signed using a computer mouse. Seventy-two percent of eli-
gible participants submitted consent forms. After submitting a
consent form, participants were automatically directed to the
online survey. Seventy-two percent of participants who
consented to participate completed the survey during the
spring season (March—June). For more procedural details,
please see earlier reports [48, 49].

Analyses Descriptive statistics and univariable analyses (inde-
pendent sample ¢ tests and Pearson’s correlations) were con-
ducted. Multivariable regression analyses were conducted
separately to determine whether health literacy was associated
with each UV exposure and skin protection outcome. Linear
regressions were used for continuous outcomes (overall UV
exposure, skin protection), and logistic regressions for dichot-
omized outcomes (indoor tanning, incidental UV exposure,
sunburns, sunbathing, sunless tanning). All models controlled
for age, gender, skin color, southern or northern climate, edu-
cation, use of public assistance, and ability to live on income.
For each model, cases with missing data were excluded.

Results

Descriptive statistics for the 958 eligible participants who
consented and completed the health literacy items are provid-
ed in Table 1. The average health literacy score of the sample
was 3.35 (SD=0.67) on a scale of 0 to 4.

Based on univariable analyses (Tables 1 and 2), the demo-
graphic variables that were significantly associated with
higher health literacy were older age, female sex, fair skin,
living in the Northern USA, and having at least some college
education. In terms of UV exposure and protection behaviors,
health literacy was significantly associated with wearing sun-
screen, pants, or a hat, not having indoor tanned, not having
sunburned, and also with receiving incidental sun exposure
(e.g., getting a tan while playing a sport rather than intention-
ally sunbathing), and use of tanning oils or sunless tanners.
Health literacy was not associated with other sun protective
behaviors or sunbathing in univariable analysis.

In multivariable analyses (Table 3), higher health literacy
was independently associated with less sunbathing, odds ratio
(OR)=0.77, 95% confidence interval (CI)=0.60-0.98; less
indoor tanning, OR =0.38, CI=0.31-0.48; and less use of
tanning oils, OR =0.54, CI=0.43-0.69. However, higher
health literacy was also associated with a lower likelihood of
wearing long pants, OR =0.76, CI=0.58-0.99, or a hat,
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Table 1  Demographic descriptives and univariable associations with health literacy
Variable (possible range) N missing M (SD) r N (%) Health literacy t
M (SD)
Health literacy (0-4) 0 3.35(0.67)
Age in years (18-25) 0 21.84 (2.16) 0.15%*
Ability to live on income (1-5) 2.40 (1.11) 0.05
Sex 0
Male 323 (33.72) 3.15(0.77) 6.65%*
Female 635 (66.28) 3.44 (0.59)
Fair/very fair skin 0
Yes 131 (13.67) 3.38 (0.65) 4.33%%
No 827 (86.33) 3.11 (0.74)
Geographic location 0
Lives in Southern USA/Hawaii 321 (33.51) 3.28 (0.69) 2.19%
Lives in Northern USA 637 (66.49) 3.38 (0.66)
Education 1
Less than a 4-year college degree 409 (42.74) 3.29 (0.67) 2.10%
At least a 4-year college degree 548 (57.26) 3.39 (0.66)
Receives public assistance 35
Yes 173 (18.74) 3.35(0.70) 0.33
No 750 (81.26) 3.37 (0.63)

#p<0.05; #p < 0.01

OR =0.68, CI=0.53-0.87, when outdoors. On the other
hand, higher health literacy was associated with higher inci-
dental UV exposure, OR = 1.69, CI = 1.34-2.14, and a greater
likelihood of ever having engaged in sunless tanning, OR =
1.50, CI=1.17-1.92. In multivariable analyses, health literacy
was no longer significantly associated with sunburn or sun-
screen use but was associated with sunbathing.

Discussion

This is one of the few studies investigating the association of
health literacy and UV risk and protective behaviors and ap-
pears to be the first conducted with an American population.
The authors are not aware of any prior studies examining the
association of health literacy and sunburns or sunless tanning.
As hypothesized, higher health literacy was associated with
ever having engaged in sunless tanning. Contrary to the hy-
pothesis and data from European studies on sunscreen use [30,
31], higher health literacy was associated with lower skin
protection, specifically wearing long pants or a hat when out-
doors. Higher health literacy was also associated with less
sunbathing, not having indoor tanned, and less use of tanning
oils, yet more incidental UV exposure. Notably, neither sun-
burn nor wearing sunscreen on one’s body was associated
with health literacy among the young adults once other covar-
iates such as skin fairness was taken into account.

Overall, higher health literacy was associated with lower
intentional UV exposure, which is consistent with prior
European data focusing on outdoor exposure [31]. The higher
the health literacy, the more cognizant one would likely be of
the dangers of UV, thus motivating avoidance of excessive
UV exposure. Of course, risk awareness does not always pre-
dict UV exposure behavior [50]. The current study findings
with regard to intentional UV exposure stand in contrast to the
univariable findings of Altsitsiadis and colleagues [30], who
found that higher health literacy was associated with greater
indoor tanning among European adults recruited from
hospitals.

The associations of higher health literacy with lower skin
protection and higher incidental UV exposure are more sur-
prising and concerning. Many skin cancers are caused by
chronic incidental UV exposure, and protective behaviors
such as wearing clothing may help prevent these cancers.
Although young adults with high health literacy may be gen-
erally aware of the dangers of sunbathing and indoor tanning,
as evidenced by decreasing rates of indoor tanning in recent
years [51], they may be less aware of the dangers of chronic
incidental UV exposure without burning or even noticeable
tanning such as one might experience while playing sports
or exercising outdoors without using skin protection. Indeed,
higher health literacy has been associated with higher levels of
exercise in older US adults [52]. It is interesting that higher
health literacy was associated with a lower likelihood of only
the protective behaviors of wearing pants or hats, when
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Table 2 Descriptives and
univariable associations of
behaviors with health literacy

Variable (refers to past month unless otherwise specified) N N (%) Health t
missing literacy
M (SD)

Sunburned 4
At least one sunburn 514 (53.88) 3.30(0.73) 2.03*
No sunburns 440 (46.12)  3.40 (0.58)

Indoor tanned 3
Some indoor tanning 300 (31.41)  3.05(0.78) 9.57%*
No indoor tanning 655 (68.59) 3.48 (0.56)

Sunbathed 13
1 or more days per week 220(23.28) 3.28 (0.73) 1.66
0 days per week 725 (76.72)  3.37 (0.64)

Incidental UV exposure 29
1 or more days per week 693 (74.60) 3.43 (0.62) —6.52%%*
0 days per week 236 (25.40)  3.11 (0.77)

Used sunless tanners (ever) 0
Yes 411 (42.90) 3.51(0.57) 6.48%*
No 547 (57.10)  3.22 (0.71)

Used products that help me get a faster or deeper tan (like 1
tanning oils)
Low use 687 (71.8) 342 (0.62) 5.19%*
High use 270 (28.2) 3.17 (0.76)

Wore sunscreen with SPF of 15 or more on your face 78
Low use 386 (43.9) 3.42 (0.61) 1.162
High use 494 (56.1) 3.37 (0.64)

Wore sunscreen with SPF of 15 or more on other parts of 81
your body
Low use 418 (47.7) 3.45 (0.60) 2.281*
High use 459 (47.9) 3.36 (0.65)

Wore a shirt with sleeves that cover your shoulders 80
Low use 188 (21.4) 3.46 (0.67) 1.489
High use 690 (78.6) 3.38 (0.62)

Wore long pants 78
Low use 259 (29.4) 3.48 (0.62) 2.271%
High use 621 (64.8) 3.37 (0.63)

Wore a hat 78
Low use 551 (62.6) 3.48 (0.55) 4.846%
High use 329 (37.4) 3.27 (0.72)

Wore sunglasses 84
Low use 263 (30.1) 3.42 (0.63) 0.672
High use 611 (69.9) 3.39 (0.63)

Stayed in the shade (like under a tree or umbrella) 75
Low use 233 (26.4) 3.40 (0.64) 0.039
High use 650 (73.6) 3.40 (0.62)

*p<0.05; **p<0.01

controlling for other potential correlates related to socioeco-
nomic status. These protective behaviors may be more consis-
tent with those of outdoor workers as opposed to intentional
exercisers. However, outdoor workers are also known to have
inadequate levels of skin protection in general [53].

@ Springer

Additionally, young adults with higher health literacy are like-
ly ambivalent about tanning versus protecting their skin [54] and
may manage this ambivalence by not tanning intentionally but
also not protecting their skin during incidental exposure, which
they may perceive as less dangerous. Moreover, there is a
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Table 3  Associations between health literacy and UV exposure and
protection behaviors: multivariable models

Odds ratio (95%
confidence interval)

Variable (refers to past month
unless otherwise specified)

UV exposure
Incidental UV exposure 1.69 (1.34-2.14)
Sunburn 0.86 (0.69-1.06)
Indoor tan 0.38 (0.31-0.48)
Sunbathe 0.77 (0.60-0.98)

Tanning oils 0.54 (0.43-0.68)
Skin protection

0.90 (0.71-1.14)
0.79 (0.62-1.00)
0.89 (0.66-1.19)
Long pants 0.76 (0.58-0.99)
Hat 0.68 (0.53—-0.87)
0.89 (0.69-1.16)
1.00 (0.77-1.30)

1.52 (1.19-1.94)

Sunscreen > 15 on face
Sunscreen > 15 on body
Shirt covering shoulders

Sunglasses
Shade

Sunless tanner (ever)

Each model controlled for age, sex, fair skin, geographic location, educa-
tion, receiving public assistance, and ability to live on income. Odds ratios
that are significant at < 0.05 are italicized

#p <0.05; #p < 0.01

possibility that some individuals with high health literacy are
seeking vitamin D via incidental UV exposure and not protecting
their skin. This is consistent with Leung and colleagues’ [32]
findings that health literacy was associated with higher sunlight
exposure in their study on vitamin D supplementation, albeit with
older Chinese adults. Finally, these data were collected mostly in
the spring (March—June) rather than the summer when people
may be more likely to minimize sun exposure and protect their
skin from UV.

Strengths of the study include the relatively large sample size
and the variety of items used to try to help expand on prior
conflicting and confusing study findings. Study limitations in-
clude the cross-sectional nature of the study, the use of a conve-
nience sample, the brevity of the measures, and the limited var-
iability of health literacy scores, which may have created a ceiling
effect. Some of the current results differ from prior findings.
However, the samples, measures, and levels of health literacy
differed among the studies. For example, in the Leung and col-
leagues’ study [32], sun exposure in the last 7 days was coded as
sufficient or not (30—60 min) for producing adequate vitamin D
levels in older Chinese individuals. Additionally, the European
studies involved a case-control design, thus including many older
adults with skin cancer. Health literacy was assessed using sim-
ilar, but not identical, items across studies. The current study had
the highest levels of health literacy and the youngest participants.
Of course, in all studies of self-reported health literacy, it is likely
overestimated by study participants. More research addressing

these study limitations is needed to confirm and explain the find-
ings more fully in order to inform potential future interventions.

The results of this study suggest that US young adults with
lower health literacy may be putting themselves at risk of skin
cancer by sunbathing and/or indoor tanning. Although young
adults with high health literacy may be aware of the dangers of
intentional tanning, they may benefit from more nuanced mes-
sages about the dangers of not protecting one’s skin from the
sun, particularly behaviors such as wearing hats and long
pants and skin protection during incidental sun exposure.
This could include addressing ambivalence about tanning ver-
sus skin protection or clarifying recommendations about vita-
min D. Thus, interventions might target young adults with
lower health literacy as well as outdoor workers (e.g., life-
guards, public service workers [55, 56]) and/or outdoor
athletes/exercisers who may be receiving large amounts of
unprotected incidental UV. For example, less health-literate
individuals could be educated about sunless tanning as an
alternative to UV exposure. As noted in the extant literature,
interventions designed for individuals with low health literacy
should be focused, simple, and utilize multimedia approaches
[57]. Another concern is widespread misinformation, for ex-
ample, tanning salons not complying with federal advertising
regulations [58]. Given that young adults are probably not
actively seeking skin cancer prevention information, public
health professionals face an uphill battle attempting to proac-
tively correct misinformation clearly and simply, particularly
among individuals with low health literacy. Finally, theoreti-
cally informed interventions aimed at increasing self-efficacy
and perceived benefits of (e.g., enhancing and protecting one’s
appearance now and in the future) and decreasing barriers to
sunless tanning and skin protection (e.g., using a daily mois-
turizer with SPF) during incidental exposure could be useful
[49].
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