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Abstract
Background—Sun exposure, especially during childhood, is the most important preventable risk
factor for skin cancer, yet few effective interventions to reduce exposure exist.

Purpose—To test the effectiveness of a partially tailored mailed intervention based on the
Precaution Adoption Process Model, delivered in the spring over 3 years to parents and children.

Design—RCT, with data collection through telephone interviews of parents and skin exams of
children at baseline (Summer 2004) and annually (Summer 2005–2007). The control group
received no intervention.
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Setting/participants—Families recruited in the Denver CO area, through private pediatric
clinics, a large MCO, and community settings. Children born in 1998 were aged approximately 6
years at baseline; 867 children met inclusion criteria; analysis is reported for 677 white, non-
Hispanic participants at highest risk for skin cancer.

Main outcome measures—Primary outcomes were parent-reported child sun protection
behaviors. Secondary outcomes included parents' risk perception, and perceived effectiveness of
and barriers to prevention behaviors, stage of change, reported sunburns, and observed tanning
and nevus development. The longitudinal mixed-model analysis was conducted between 2008 and
2011.

Results—The intervention group reported more use of protective clothing and hats,
shadeseeking, sunscreen and midday sun avoidance; fewer sunburns; more knowledge of the risk
of skin cancer; higher perceived effectiveness of sun protection and stage of change; and lower
perception of barriers to sun protection (all p<0.05). The intervention group had fewer nevi ≥2 mm
in 1 year of the study, 2006 (p=0.03). No differences were found in tanning or nevi <2 mm.

Conclusions—The level of behavior change associated with this single-modality intervention is
not likely sufficient to reduce skin cancer risk. However, the intervention shows promise for
inclusion in longer-term, multicomponent interventions that have sufficient intensity to affect skin
cancer incidence.

Trial registration—This study is registered at www.clinicaltrials.gov NCT01464957.

Introduction
Skin cancer incidence is increasing dramatically and is largely caused by sun exposure.1–3

Exposure in childhood is particularly important for risk.4,5 Prevention efforts have focused
on minimizing ultraviolet (UV) exposure through a combination of avoiding the midday sun,
wearing clothing and hats, seeking shade, and using sunscreen. Although studies show
widespread sunscreen use, the use of other sun protection strategies has lagged.6

Interventions are particularly needed to promote the use of hats and clothing, which a recent
study showed may be more effective than sunscreen in reducing skin cancer risk.7

Interventions in single settings have been effective for improving the UV protection of
children, including: school-based programs;8–16 programs at swimming pools and zoos;17–19

programs in pediatric care settings;20–22 and multimedia computer programs.23,24 The most-
successful interventions for changing sun protection behaviors of parents and children have
been community-wide, multicomponent approaches.25,26 However, research is needed to
inform evidence-based decision-making about effective components for comprehensive
interventions, particularly for children approaching adolescence, when their responsibility
for preventive behaviors increases. Effective interventions are needed that promote behavior
change to both parents and children and encourage family communication about sun
protection.

This study evaluated the effectiveness of a partially tailored newsletter intervention,
supplemented by sun protection resources, mailed to parents and children as the children
aged from 6 to 9 years. The intervention was based on the Precaution Adoption Process
Model (PAPM), a stage theory of health behavior change.27 The model is depicted in Figure
1 as applied in this study for adoption of protective clothing. Movement through seven
stages is hypothesized to be influenced by cognitive mediators, including: knowledge of
risk, personalization of risk, perception of risk severity, perception of effectiveness of
preventive strategies, and perception of barriers to prevention strategies.27 It was
hypothesized that the intervention would result in changes in PAPM cognitive mediators,
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PAPM stage of change, sun protection behaviors, sunburns, tanning and development of
nevi.

Method
Study Design

This study was a longitudinal RCT. Parent/child dyads were enrolled in 2003/2004,
completed baseline measures in Summer 2004, and were randomized by computer to two
groups, intervention or no-intervention control, in equal proportions in Spring 2005.
Outcome assessments were conducted using annual telephone interviews of parents
(cognitive outcomes, sun protection behaviors, and sun exposure experiences) and annual
skin exams of children (total body nevus counts and tanning). The study was reviewed and
approved by the Colorado Multiple IRB and the Kaiser Permanente of Colorado IRB.
Parents provided written informed consent, and beginning at age 7 years, children provided
written assent for participation.

Recruitment
Children born between January 1 and September 30 of 1998 were eligible. Recruitment was
conducted in Fall 2003 and Winter 2004 through pediatric offices, a large MCO, and
community sites in the greater Denver CO area. Information on the study was distributed,
and interested parents were asked to contact the study office. On initial contact, an
interviewer explained the study and administered an enrollment interview, which included
an assessment of phenotypes related to skin cancer risk. Parents whose children had dark
skin color, dark eye color, and dark hair color were informed that the program may be of
minimal benefit because of low skin cancer risk. There was no racial or gender bias in the
distribution of study information or the selection of participants; all responding families
were invited to participate.

Intervention
The intervention, developed by the study team, consisted of three sets of educational
newsletters about skin cancer and sun protection, and related sun protection resources such
as a swim shirt, sun hat, sunscreen, and backpack. Newsletters were mailed to families in
April and May at approximately 2-week intervals each year. In 2005, parents were sent four
newsletters. In 2006, parents received four newsletters, and children received one. Parents
received three project newsletters in 2007 and children received two.

Each year, the sequencing of newsletters addressed movement through PAPM stages. The
first parent newsletter in each annual series presented general information about skin cancer
and its causes (Stages 1 and 2). The second newsletter was designed to personalize risk
perception (Stage 3) by providing tailored information about risk factors specific to each
child, which included, as relevant to the child, family history of skin cancer, at-risk
phenotype (hair, eye, and skin color; freckling; tendency to burn/tan), and high number of
moles. Tailoring utilized information provided by parents at enrollment or observed during
skin exams. Parents of children with low-risk racial backgrounds (black and Asian) were
informed of the child's low risk and about types of skin cancer not caused by sun exposure.

Subsequent newsletters each year discussed the effectiveness of sun protection strategies for
reducing children's risk and ways to overcome barriers to those strategies (PAPM Stages 5,
6 and 7). Shade, sunscreen, clothing/hats, and midday sun avoidance were each discussed,
with the latter two emphasized. The choice to emphasize clothing/hats and sun avoidance
was based on the high reported use of sunscreen in this and other populations,6 and unclear
evidence at that time that sunscreen is protective against skin cancer.28
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Parent testimonials conveyed positive social norms. Interactive features such as a self-
assessment of skin cancer risk and a tanning quiz were included.29 Parent newsletters were
1–4 pages and approximately 500–1500 words, and were written at a 6th-grade, or below,
reading level. Newsletters for children were complementary to the parent newsletters but
could be used by children without parent involvement. They included age-appropriate
information and activities (e.g., word searches, crossword puzzles, and matching games)
about the sun, skin cancer, and sun protection.17,30 All newsletters were pilot-tested multiple
times (with intervening revisions) in focus-group settings with parents and children who
were the same age as the study cohort.

The control group received a letter each spring inviting them to complete data collection. All
participants who attended skin exams during a given summer (both study groups) received a
letter informing them of the average nevus count among children examined in that year and
the nevus count for their child.

Measurement
Parent interviews—Telephone interviews were administered by trained interviewers
using a computer-assisted telephone interviewing (CATI) system and a call protocol that
included up to 20 attempts to reach each family. Interviewers were monitored throughout
data collection, and were blinded to intervention status. Each year, the primary caregiver for
the child was interviewed (95% female). Participants received $25.00 for completing each
20–30 minute interview. Enrollment interviews were conducted between November 2003
and July 2004. The baseline and follow-up interviews were conducted between June and
September of 2004, 2005, 2006 and 2007, with the timing of interviews balanced across the
two study groups.

The enrollment interview collected household income, parent's education and child's race/
ethnicity. Child phenotype measures were based on previous studies and included skin color,
hair color, eye color, and skin sensitivity to the sun (tendency to burn and tan when exposed
for 1 hour at the beginning of summer with no protection).31–33 The interviews were the
source for all self-reported outcomes.

Regarding sun protection, parents were asked to think about sunny days during the current
summer when their child is outside for 15 minutes or longer between 11:00 a.m. and 3:00
p.m. and indicate the frequency with which the child: (1) wears clothes covering most of the
arms and legs, (2) stays in the shade; (3) wears a hat; and (4) uses sunscreen. Responses
were recorded on a 5-point Likert scale (1=never; 2=not very often; 3=about half the time;
4=most of the time; 5=all of the time).34 Parents were also asked how many days per week
the child is usually outside between 11:00 a.m. and 3:00 p.m. for more than 15 minutes
during the current summer, and on those days, how long the child is outside. Responses
were used to estimate weekly outside hours during midday (range=0–24). Scores were
rescaled to 1–5 for consistency with the other four behavioral measures.

A composite measure of sun protection behavior was created by summing scores on the five
behavior variables, with higher scores reflecting more-frequent sun protection behavior.15,17

Parents were asked whether their child had any severe sunburns (defined as blistering) or
other sunburns each year. Due to low frequency, both measures were dichotomized as none
versus any.

Cognitive mediators of sun protection behavior, based on the PAPM, were developed for the
study. Risk factor knowledge was measured by asking parents whether 11 different factors
increased, decreased, or had no impact on the chance of someone getting skin cancer.
Number of correct answers was assessed. For perceived melanoma risk, parents were asked:
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“Thinking about your child, what you do now, and where you live, how likely do you think
[CHILD] is to get melanoma over [HIS/HER] whole life?” Responses were recorded on a
scale from 1 (no chance at all) to 7 (certain to happen).

For melanoma severity, parents were asked four questions about the difficulty of treating
melanoma skin cancer (e.g., “How easy or hard do you think it is for doctors to treat a
typical case of melanoma?”) and the likelihood of dying from melanoma skin cancer (e.g.,
“Among those who get melanoma skin cancer how common do you think it is to die from
it?”). Responses to questions were recorded on a 5-point scale with higher values reflecting
greater perceived severity, and averaged together to form an overall measure of perceived
melanoma severity (score range =1–5; Cronbach's alpha=0.76).

Parents rated the effectiveness of five sun protection behaviors in reducing their child's risk
of skin cancer. Responses were on a scale ranging from 0 (not at all effective) to 10
(extremely effective), and averaged together to form a composite measure of perceived
effectiveness (score range=0–10; Cronbach's alpha = 0.76). To assess perceived barriers to
sun protection, parents were asked how much they agreed or disagreed with eight statements
such as: “You find it difficult to keep a hat on your child.” Responses were recorded on a
scale ranging from 1 (strongly disagree) to 4 (strongly agree), and averaged together to form
a composite measure of perceived barriers (score range=1–4; Cronbach's alpha=0.59).
Higher scores reflect greater perceived barriers.

The PAPM stage of change was assessed for the two sun protection behaviors emphasized in
the intervention: clothing and midday sun avoidance (Figure 1). Deviating from previous
applications of the PAPM model,27 frequency rather than duration of behavior was used to
distinguish between Stages 6 (Action) and 7 (Maintenance) because most participants who
practiced each behavior reported doing so for more than 6 months, but many did not
consistently engage in the behavior. It was reasoned that the behaviors were more stable if
consistently practiced.

Process evaluation measures—To assess intervention exposure, parents in both
groups were asked where they had heard or seen information on skin cancer or sun
protection. Parents who mentioned the newsletters were asked a series of questions about
their use of the newsletters and accompanying resources.

Skin Exams—Exams were conducted each summer between mid-June and mid-September
(balanced across the study groups) by a team of four to seven healthcare providers who
received annual training from the study's lead dermatologist (JGM). Skin exam staff
members were blind to intervention status. The entire body (except scalp, genitals and
buttocks) was examined for nevi. Additional detail about exam procedures is available
elsewhere.33,35–38

Nevi were classified as < 2mm or ≥ 2mm.32 Each year, between 34 and 66 children were
examined separately by two providers to determine inter-rater reliability for nevus counts
(calculated yearly using the intraclass correlation). Values ranged from 0.80 to 0.89.
Tanning was measured using a Chroma Meter CR-400. Base skin color was measured five
times on the unexposed, upper inner arm, and degree of tanning was calculated as the
difference in L- dimension39 values in this area and the exposed lateral forearm.

Data Analysis
The analysis was conducted between 2008 and 2011. Parental reports of the frequency with
which their child uses long clothing, hats, shade, sunscreen and midday sun avoidance
served as the primary outcomes. Secondary outcomes included tanning, nevus counts,
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sunburns and PAPM mediators. Power calculations performed prior to study commencement
indicated that a sample size of 315 per group at the final follow-up (2007) would provide
90% power to detect a 0.7-point difference between groups in the overall frequency of sun
protection and a 2.6-point difference in the number of moles, using a two-tailed significance
test with alpha = 0.05.

All models of intervention effectiveness were based on the longitudinal outcomes of the
study. Linear, generalized linear and nonlinear mixed models were used to account for
correlated observations within a child over time,40 using SAS/STAT 9.2 software. SAS
PROC MIXED was used to analyze all continuous and ordinal outcomes and counts of nevi
<2 mm (natural log– transformed). Dichotomous outcomes were analyzed using the SAS
PROC GLIMMIX procedure for generalized mixed models. Perceived sun protection
effectiveness and the two PAPM stage variables were assumed to follow a multinomial
distribution and were analyzed using SAS PROC NLMIXED. Scores for perceived sun
protection effectiveness were grouped into quartiles (0–7.9, 8–8.9, 9–9.8, and 9.9–10) to
correct for a strong negative skew.

Analyses of intervention effectiveness used an intention-to-treat approach and were
conducted using all study participants (n=848) and separately for the subset of white non-
Hispanic participants (n=677). With the results being similar, results are reported for the
white non-Hispanic subgroup due to significantly higher risk for skin cancer.41 For each
outcome, all participants who provided data at one or more time points between 2004 and
2007 were included and used to estimate overall average and annual group differences
during the 2005–2007 post-intervention period compared with the baseline in 2004. Follow-
up year (2005–2007) and the intervention group * year interaction were considered fixed
effects. Time was a repeated measures factor and study participant was a random effect.

For all models it was assumed that groups were equal at baseline due to randomization.42

Annual group differences were obtained by testing each group * year interaction against
zero. The overall difference between groups across the follow-up period compared to the
baseline was obtained by taking the average of the three (2005–2007) interaction effects.

Results
Participation Rates

Figure 2 presents the CONSORT chart. Of 919 families that indicated interest, 867 (94%)
were enrolled and completed some portion of the baseline data collection; of these, 677
white, non-Hispanic children were utilized in the present analysis. Participation in data
collection was comparable between study groups throughout the follow-up period (2005–
2007). Completion of interviews was 90%–97%, and completion of skin exams was 77%–
82%. There were no consistent differences across years in the composition of respondents
by demographic and phenotypic characteristics, study group assignment, and baseline
sunscreen use (Appendix A, available online at www.ajpmonline.org). Overall, nine families
provided no interview data and 52 provided no skin exam data; these families were dropped
from the analysis.

Demographic and phenotypic characteristics did not differ between study groups (Table 1).
A difference in baseline sunscreen use favors the control group. A total of 53% of
participating children were girls. The sample had high levels of education and income, with
75% of parents having a college education or higher and 36% of households earning
$100,000 or more.
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Receipt and Use of Intervention Materials
Among parents in the intervention group, 78%–85% reported receiving project newsletters
in each study year. Of those, 70%–82% reported reading all newsletters distributed in each
year, 39%–60% reported learning some or a great deal of new information each year, 31%–
38% rated the newsletters in each year as excellent, and 56%–61% reported that the annual
newsletters motivated them to change the sun protection practices they use with their
children. Use of sun protection resources was reported at levels from 73% (sun hat, swim
shirt) to 94% (backpack). A small number of parents in the control group also reported being
exposed to the project newsletters each year (3%–4%).

Sun Protection Behaviors
Table 2 presents descriptive statistics for all outcomes (except sun protection effectiveness
and PAPM stage variables, which are not readily presented descriptively because of their
ordinal nature) by study group and year, both unadjusted and adjusted for correlations within
child over time, and Table 3 provides tests of significance. Relative to baseline, the
intervention group reported higher frequency of using long clothing, hats, shade, sunscreen,
midday sun avoidance, and all behaviors combined averaged across the 2005–2007 follow-
up period, compared to the control group. In general, group differences were small in
magnitude and not consistent across years.

Significant group differences on most behavioral outcomes were limited to 1 or 2 of the 3
follow-up years (Table 3). Only sunscreen use and the composite measure showed
significant group differences in all years of the study compared to baseline. Notably, group
differences generally were evident for behaviors emphasized by the intervention for that
year. For example, clothing was emphasized in 2005, and a difference in clothing behavior
was reported for 2005 and 2006, but not 2007. Similarly, hats were emphasized in 2006 and
a difference for hats was observed that year only, while shade was emphasized in 2007 and a
difference in shade use was observed for 2006 and 2007, with the 2007 difference being
much larger. Effect sizes, expressed as the percentage of variance explained by the
intervention (R2), were 1% (hat, shade, clothing, midday sun avoidance), 2% (sunscreen
use), and 4% (composite sun protection).

Sun Exposure Outcomes
Averaged across follow-up, fewer nonsevere sunburns were reported in the intervention
group compared to the control group. Analysis of individual years shows this effect was
only significant for 2005 (Table 3). For severe sunburns, there was an effect only for 2007,
with the intervention group reporting fewer severe sunburns. There were no intervention
effects on child tanning and counts of nevi <2 mm. For the presence of nevi ≥ 2 mm, there
was a marginally significant average effect (p=0.09), with the intervention group having
fewer large moles in 2006 only.

Cognitive Mediators
Compared to the control group, participants in the intervention group were more aware of
skin cancer risk factors, perceived fewer barriers to engaging in sun protection, and regarded
sun protection as more effective in reducing skin cancer risk (average effect across years and
for each individual year; Table 3). Effect sizes (percentage of variance explained by the
intervention, R2) were 5% for risk factor awareness and 2% for barriers. (R2 could not be
calculated for log odds or cumulative logit outcomes.) There were no group differences in
parents' perceptions of their child's risk for melanoma or nonmelanoma skin cancer or in the
perceived severity of either form of skin cancer. There was a significantly greater shift
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towards higher PAPM stage for clothing and midday sun avoidance in the intervention
group compared to the control (Table 3).

Discussion
This theory-based mailed intervention produced change in sun protection behaviors and the
hypothesized cognitive mediators of these behaviors. Differences were found in all
behaviors measured. Differences were small in magnitude, and within years, greater
differences were found in behaviors emphasized by the intervention that year. The greater
progression through the PAPM stages by the intervention group compared to the control
group suggests the potential for future change. Studies of smoking cessation have shown
that behavior change increases over a 2-year period following receipt of a stage-based
intervention.43 However, two previous sun protection studies have demonstrated that
continued intervention is necessary to maintain behavior change.15,44

Although this intervention emphasized clothing and avoidance of the midday sun as more-
effective strategies than sunscreen, greater sustained change in sunscreen use was observed.
This may reflect a dominant media emphasis on the use of sunscreen, as well as the ease of
sunscreen compared to altering clothing styles and time-of-day for outdoor activities. A
recent study showed that sunscreen is effective in reducing melanoma risk,45 but clothing
and sun avoidance are less costly and may be more effective forms of sun protection.7

Changes in cognitive mediators of behaviors were relatively stronger than changes in
behaviors, and more consistent across years. These findings support the utility of the PAPM
for both intervention design and measuring cognitive change. The lack of difference in risk
and severity perceptions may be due to relatively high baseline scores on these factors. The
PAPM suggests that perceptions of risk and severity are more important for movement
through earlier stages of change, and perceptions of effectiveness and barriers are more
proximal to behavior change.27

The reduction in reported sunburns is promising, as sunburns have been shown to be an
important risk factor for melanoma.3 The group difference in nonsevere sunburns was
greatest in 2005, while the group difference in severe sunburns was isolated to 2007. It can
only speculated as to why the experience of sunburns does not closely reflect reports of sun
protection behaviors. There may be variation in the effective use of these strategies, which
requires diligence by parents and cooperation by children. This may not have been captured
in the measures. Buller and colleagues found a reduction in sunburns that was not coexistent
with a change in reported sun protection behaviors,46 which suggests that measures for more
objective outcomes (e.g., sunburns), though still subject to reporting bias and recall, may be
more sensitive to intervention effects than reports of behaviors.

Only two previous behavioral studies have demonstrated an intervention effect on nevus
counts.47,48 The results of the present study suggest an effect on the presence of nevi ≥2
mm, but not smaller nevi. The lack of clear differences between groups in nevi could be due
to inadequate follow-up time; the lag between sun exposure and the appearance of nevi is
estimated to be 2–3 years.44,47 Thus, it is possible that differences in nevus counts will
emerge in the future. Lack of differences in tanning may be due to complex interactions
between genetically determined ability to tan and degree of sun exposure.37 Sunscreen
generally prevents sunburns but allows tanning, and sunscreen was the most commonly used
form of sun protection. Degree of tanning was only measured on 1 day each summer, and
thus only reflects sun exposure during the previous few weeks.

This study has limitations. Behavioral outcomes are based on self-report. Social desirability
may have encouraged parents to selectively over-report sun protection strategies that were
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emphasized in a particular set of intervention mailings. The directly observed outcomes,
tanning and nevi, have limitations as noted above. This study is also limited by the relatively
high levels of education and income of the parents, and therefore the results may not be
generalizable to lower socioeconomic populations. The study design does not allow any
definitive conclusions to be made about the effectiveness of individual intervention
components, the incorporation of tailoring, or the ideal number of newsletters for efficiency
in achieving behavior change. Finally, a large number of statistical tests were performed and
some findings may be due to chance.50

This study has important strengths, including large sample size and good study retention.
Approximately 80% of the intervention participants recalled receiving the intervention,
while fewer than 5% of the control group may have been exposed. The randomized
longitudinal design allowed observance of shifting up and down of behaviors depending on
the emphasis of the intervention in each year. While behavior changes were modest, the
intervention was relatively inexpensive and, since it utilized postal mail, it could be readily
delivered to a geographically broad population. It could also be converted to an electronic
format, delivered either by e-mail or through a website.

Conclusion
This theory-based intervention is effective and is a candidate for inclusion in
multicomponent community-wide interventions that use a range of approaches and message
channels, including environmental change (such as increased shade and rescheduling of
organized outdoor activities), to reduce skin cancer risk. The sometimes temporary
behavioral changes observed suggest that the effectiveness of this intervention can be
increased by greater reinforcement and redundancy in messages (perhaps through different
channels), as well as sustained message delivery. As a stand-alone intervention, this
intervention will produce small changes that may not measurably reduce skin cancer risk.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Precaution Adoption Process Model (PAPM) applied to use of clothing for sun
protection
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Figure 2. Study flow diagram for randomized trial of stage-based mailed intervention
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Table 1
Sociodemographic characteristics by intervention status, white non-Hispanic Colorado
children aged 6 years, 2004, %

Characteristic All (N=686) Control (n=339) Intervention (n=347) p-value*

Gender

 Male 47.5 47.5 47.6 0.99

 Female 52.5 52.5 52.4

Parent education

 Less than college 24.9 24.8 25.1 0.93

 College or higher 75.1 75.2 74.9

Household income

 Less than $75,000 37.0 38.0 36.1 0.84

 $75,000–$99,999 27.3 27.3 27.2

 $100,000 or higher 35.7 34.7 36.7

Hair color

 Blonde–light brown 68.5 70.8 66.3 0.13

 Red 3.8 2.9 4.6

 Medium–dark brown 27.3 25.4 29.1

 Black 0.4 0.9 0.0

Eye color

 Black–brown 27.8 28.8 26.8 0.65

 Blue 48.7 46.9 50.4

 Green/hazel 23.5 24.3 22.8

Skin color

 Dark white 11.0 11.6 10.4 0.20

 Medium white 37.2 33.8 40.5

 Fair white 51.8 54.6 49.1

Skin sensitivity

 Painful burn followed by no tan (Type 1) 12.1 14.2 10.0 0.38

 Painful burn followed by light tan (Type 2) 33.2 33.2 33.2

 Slight burn followed by little tan (Type 3) 43.6 41.8 45.3

 No burn followed by good tan (Type 4) 11.1 10.7 11.5

Baseline sunscreen use

 Never–half the time 18.9 15.3 22.3 0.03

 Most–all the time 81.1 84.7 77.7

*
p-value based on Chi-square test
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