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Background. Skin cancer is about as common as all
other cancers combined and is preventable by sun
protection. The most intense sun exposures often oc-
cur on the beach, so we chose this setting to test an
intervention to affect sun protection behaviors.

Methods. We developed a multicomponent stage-
matched intervention for beachgoers and evaluated
its efficacy in a randomized trial for influencing stage
of change and self-reported behavior.

Resulis. We randomized 2,324 persons ages 16 to 65

on the beach (83% of those app‘” oached). The interven-
self-reported sun pro-
imi across gender

tion was effective in increasing
tective behaviors. Effects were
and age gr@upsg
Conclusions. The beach is
ment and intervention to prevent skin
risk populations. Our stage-m
ackage was effective for Liercasz
behaviors. © 2002 American Healt
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Skin cancer incidence now roughly equals that of all
other cancers combined (approximately 1.3 million
cases per year) and continues to increase [7,2]. The
primary cause of skin cancer is chronic u”;prmecteé‘
exposure to the sun’s ultraviolet Mghu as well as in-
tense, intermittent exposure h as those that occur
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at the beach [3-5]. Most skin cancers are therefor
largely preventable with appropriate environmental
and behavioral changes to minimize exposure. Leading
public health organizations have recommended reduc-
ing sun exposure, wearing protective clothing, and us-
ing sunscreen with a sun protection factor of 15 or
higher [6-8].

Health promotion efforts designed to modify lifestyle
behaviors related to primary or secondary disease pre-
vention have met with only occasional success, al-

[

though interventions based on established %ehaviefai
models have tended to show the largest anr? most con-
si ssem Q*f""’ccts L%’ Cur mteweutmﬁ w as based on the
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change; (b) assessmen
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ity to resist situ
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tions to engage in the
situational self-effica
behaviors.

The likelihood of successful behavior change is opti-
mized when intervention strategies are matched to the
individual’s stage of change [17]. Interventions tailored
to stage of change have been more successful at chang-
ing behavior than control or comparison interventions
across a wide range of important public health prob-
lems, including smoking cessation, dietary fat reduc-
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tion, exercise adoption, condom adoption, and adher-
ence to mammography screening [12-23]. We sought to
extend these findings to sun protectlon by developing
an individualized, multicomponent intervention tar-
geted to study participants’ stage of change [8,24,25].
The effectiveness of this intervention package to in-
crease sun protection was evaluated in a randomized
clinical trial of at-risk beach bathers.

METEHOD
Sample

Sun bathers on beaches in or near Rhode Island
(N = 2,800) were recruited to participate in the study
uring the summer of 1995 and 2,324 (83% of those
pproached) were enrolled. A baseline sample size of

,400 was planned for the study based on several fac-
ors, including plausible recruitment (80%) and reten-
tion rates (87%) and expected intervention effect sizes
(d = 0.20-0.25). Although these study des1gn param-

eters could not be known with precision a priori, rea-
sonable estimates were available based on several
years of beach pilot work [24,25] and previous
population-based studies using transtheoretical model
interventions for other health behaviors [17,23].
minimum statistical power of 0.90 was used for sample
size calculations, providing some protection against
the possibility of smaller than expected intervention
effects or grea‘ter than expected attrition rates [26-28].

Partzmpams from ages 16 to 65 completed a survey
on the beach with a trained interviewer. The sample
was primarily female (60%), white (84%), single (51%),
or married (40%), with at least a mg‘n school education
(88%) and with a median income of $45,000-65,000
per year. The average age of participants was 33 years
(SD = 12), with 35% aged 16-24 (’bga"hvoers ;0_94‘.
vears of age were oversampled),

29% aged 40-65. About 25% of

Damg current smokers and 64%
regularly at least 20 minutes a fiay, three times a
week. ?e;z ther details on the baseline cl cteristi
this sample have been reported eiseﬁfle?e [29].
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Procediires

Seven of the largest coast salt water beaches in
southern Rhode Island were selected for the study.
Upoa receiving signed informed consent to par Lzmpate
the interviewer administered the baseline survey and
then randomized the participant to intervention or con-
trol conditions using a preassigned sequence. When the
participant was in the treatment group, the inter-
viewer would conduct the intervention and conclude by
verifying contact information. When the participant
was in the control group, the interviewer would just
verify the contact information. Interviews lasted 15-25
minutes. Follow-up assessments were conducted by
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1,930), 70% of bas hpe at 12 months (VW = 1,628
62% of baseline at 24 months (N = 1,449). The
age retention rate was 85% of those coatamed

Patients receiving
assessments only
n=1181

Participants
completing 12
month follovr up
n=805

Participants
completing 24
month follow up
n=711

Study participation.

previous time point. No differential dropout by treat-

ment group was cbserved (see Fig. 1). Additional d
taﬂs on Sbudy procedures including site selection an

training of interviewers have been reported elsewhere

(29].

Interventions

To maximize impacts on sun protective behaviors,
the multicomponent intervention package was de-
signed to be effective with individuals in each of the
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five stages of change, as specified by the transtheoreti-
cal model. Interventions were designed to raise the
pros and decrease the cons of sun protection, increase
self-efficacy in dealing with challengmg situations, and
increase the frequency of use of the processes of
change. Interventions delivered on the beach included
an educational pamphlet, personalized sun sensitivity
assessment and feedback (written and verbal), SPF 15
sunscreen, and instant sun damage imaging photo-
graphs that reveal damage to the skin that is not
visible in normal light [8,24,25,30]. The pamphlet and
sunscreen were generic, and the feedback and photo-
graphs were tailored to the participant. Intervention
and measurement development was based on 3 years of
pilot studies conducted on Rhode Island beaches
[24,25,31-33].

Follow-up interventions included two three- to four-
page expert system feedback reports matched to the
individual’s stage of change. Each report reflected the
individual’s current stage of change and provided in-
formation and suggestions on reducing unprotected ex-
posure based on transtheoretical model constructs, in-
cluding decisional balance, four to six stage-relevant
processes of change, situational self-efficacy, and some
final stage-tailored techniques an individual can use to
aid in the behavior change process [34,35]. The first
report was based on the data provided by participants
at baseline and was mailed to participants 2 to 3 weeks
after assessment. The baseline report contained nor-
mative feedback, in which an individual’s change ef-
forts on many vari
ers w vho had been successful
ack report cor%ta"” d
sative feedback,

ogress since his
was delivered 1
was based on the 1&
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cautions early as the nexb summez approaehed.
The control group received no intervention. The as-
sessments were the same for both groups.

Measures

The primary outcome measure was the nine-item
Sun Protection Behavior Scale (SPBS) {29]. Each item
was a self-report of behavior on a five-point Likert scale
of frequency (never, rarely, sometimes, often, and al-
ways) “when in the sun for more than about 15 min-

utes.” The SPBS included components of sun avoid-
ance, sunscreen use, and hat use and has been shown
to be both reliable and valid [29,36,37].
A second outcome measure was stage of change for
sun protection [8,29]. Two algorithms were used to
measure stage of change. Bach algorithm consisted of a
short series of questions designed to assess intentions
and behaviors for reducing sun exposure. The purpose
of the staging algorithm is to classify respondents into
one of the five stages of change: precontemplation,
contemplation, preparation, action, or maintenance.
The general sun protection algorithm classified sub-
jects by stage based on a combination of their inten-
tions and behaviors to protect themselves from the sun
consistently by: (a) avoiding sun exposure, (b) covering
up with clothing/hats, and (c) using SPT 15 sunscreens.
The sunscreen staging algorithm classified subjects by
stage based on their behaviors and intentions to pro-
tect themselves from sun exposure by conszsbemly us-
ing SPF 15 sunscreens. The development of the staging
algozztb*ns is described in more detail elsewhere [8].
For both algorithms, the pzecontemp‘aunn stage in-
ludea participants who were not consistently protect-
g themselves from the sun and were not intending to
a t doing so within the next 12 months. The contem-
jﬂ. tion stage included participants who were not con-
istently protecting themselves but were seriously
hinking about Suazung to do so within the n
months. Preparation stage individuals We“e not cu
rently pr otecting themselves but were
start doing so within the next 30 days. qcﬁ(}ﬂ stage
ividual . protecting themsels tent

C/J’“‘Ui""’
ot

of varzatzce and anaiyy
This s’:uuy was approved b
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tional review boards.

At baseline, 45% of the sample was in the precon-
templation stage for general sun protection, 3% in con-
templation, 14% in preparation, 4% in action, and 34%
in maintenance. For sunscreen use at baseline, 56%
were in precontemplation, 3% in contemplation, 10% in
preparation, 5% in action, and 26% in maintenance.
Strong age and gender effects were observed for both
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staging algorithms [29]. Fewer than one-third of study
participants were using a sunscreen with an SPF of 15
or greater at the time of the interview. Among those
who were using sunscreen, about half were using a
sunscreen with an SPF of 15 or greater.

Analyses were conducted to assess whether partici-
pants who did not complete the 24-month assessment
differed in their sun behaviors and attitudes from
those who completed the study. Study noncompleters
were earlier in the stages of change, y*(4, N =
2,313) = 28.6, P < 0.001, 5° = 0.012, younger (P <
0.001, n* = 0.017), and less likely to use sun protec-
tion as assessed by the SPBS, #(2,311) = 5.12, P <
0.001, n* = 0.011. Noncompleters also reported hav-
ing used tanning booths more frequently than study
completers overall (P < 0.001, n° = 0.007) and in the
past year (P < 0.001, n° = 0.013), were less likely to

2

know someone with melanoma (P < 0.0061, »n° =
0.007), were more often male (P = 0.007, %° =
0.003), had fewer lifetime sunburns (P = 0.013, n* =
0.005), and spent more time outside on weekends (P =
0.018, »* = 0.006) and weekdays (P = 0.029, n° =
0.005). Study completers and noncompleters did not
differ on sun sensitivity, number of severe sunburns in
the past year, family history of melanoma, having any
big moles, number of big moles, and general health (all
Ps > 0. Ob without Bonferroni correction for multiple
significance tesmng)
Among participants who completed the 24-month
t tests and x° tests were run
ent group. No

assessment (VN = 1,450),
to assess baseline cm"” erences by treatm

ﬁcam diffey ences were found for age, oeuciez, sun
and stage of cnange for

ant difference was 1

otection Behavior Scale

n and the control groups in-
r sun Drozes’mop behaviors F(2, 1,287)
116.36, P O 001, = 0.153, but the improvement
in the intervention g“rou p was double that of the control
group at 24 months. The group (intervention vs con-
trol) by time interaction was significant, F(2, 1,287) =
9.95, P < 0.001, n° = 0.015). Figure 2 displays these
changes over time. Each of the three subscales of the
index (sun avoidance, sunscreen use, and hat use) also
demonstrated significant increases in sun protective
behavior for intervention subjects relative to controls
from baseline to the 24-month follow-up assessment
(see Table 1).

We confirmed the independent effects of the inter-
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FIG.2. Sun Protection Behavior Scale by group over time. Scores
have been adjusted for initial baseline differences. Only participants
with data at all three time points are included; analysis used
repeated-measures analysis of variance.

vention on behavior at 24 months (P < 0.001) with
separate analyses of covariance that controlled for age,
gender, sun sensitivity, use of -tan ndg booths in the
past year, knowing anyone with skin cancer, and so-
cioeconomic status. All of these variables were signifi-
cant predictors of sun protection at baseline [29]. How-
ever, all of these analyses except gepdor also revealed
significant effects of the covariates on the changes in
behavior over the period of study. Further evaluation
using repeated-measures analyses of covariance re-
vealed differences in effect sizes across covariates.
These suggested that the mtefver\tlon was most eff’ec-
ive wz younger individu pﬂopie who had 1

ivity, and indiv é 1als with incomes less \tba:ﬁ

action or mai
sSun exposure
0.054) and for sun
months (F = 0. O@’i .
along with the resul
though all of our
ment group > control group), we z’epo?t h er
P values to be conservative.

We also examined the effect of the intervention on
progressive advancement to any stage of change,
whether or not the action stage was reached. The mean
stage of people in the intervention group increased
significantly more than that in the control group (see
Table 1). Individuals in the intervention group were
also more likely to progress to more advanced stages of
change for both general staging and sunscreen staging
at both 12 and 24 months. Results are reported in
Table 3 along with the results for age groups and
gender.

twe—sidec'i



TABLE 1

Intervention Effect on Sun Protection at 12 and 24 Months

Means (SD)

Variable Baseline 12 months 24 months P 7’

SPBS 0.001 0.015
Intervention 2.82(0.87) 3.04 (0.82) 3.18 (0.86)
Control 2.78 (0.88) 2.96 (0.85) 3.02 (0.85)
Sunscreen use 0.001 0.010
Intervention 2.98 (1.28) 3.18(1.23) 3.36 (1.24)
Control 2.96 (1.26) 3.07(1.23) 3.15(1.24)
Sun avoidance 0.008 0.008
Intervention 2.71(0.86) 2.94 (0.82) 3.04 (0.87)
Control 2.72 (0.86) 2.87 (0.84) 2.92(0.85)
Hat 0.047 0.005
Intervention 2.13(1.14) 2.17(1.10) 2.28 (1.19)
Control 2.23(1.18) 2.24 (1.15) 2.24 (1.15)
General stage 0.004 0.009
Intervention 2.97(1.78) 2.93(1.78) 3.18(1.81)
Control 2.96 (1.80) 2.88 (1.82) 2.87 (1.84)
Sunscreen stage 0.001 0.011
Intervention 2.54 (1.76) 2.73 (1.78) 2.87 (1.85)
Control 2.68(1.81) 2.61(1.80) 2.67(1.85
Age®
16-24 0.004 0.027
Intervention 2.47 (0.81) 2.85(0.82) 2.95(0.84)
Control 2.46(0.78) 2.65 (0.81) 2.71(0.79)
25--39 0.0486 0.014
Intervention 2.82(0.86) 2.98 (0.83) 3.13 (0.86)
Control 2.93(0.82) 3.06 (0.81) 3.11(0.84)
40-65 0.065 0.012
Intervention 3.11(0.86) 3.24 (0.77) 3.40 (0.83)
Control 3.06 (0.90) 3.13(0.84) 3.22 (0.85)
Sun sensitivity®
Low 0.001 0.033
Intervention 2.51(0.84) 2.82(0.87) 3.00 (0.90)
Control 2.51 (0.83) 2.66 (0.83) 2.74(0.83)
Medium 0.049 0.010
Intervention 2.86 (0.88) 3.05(0.78) 3.14 (0.84)
Control 2.89 (0.85) 3.03(0.82) 3.05 (0.83)
High 0.501 0.005
Intervention 26 (0.75) 3.40 (0.69) 3.55(0.73)
Control 3.17(0.82) 3.25 (0.80) 3.37(0.79)
Use tanning booth last year?”
No 0.001 0.015
Intervention 2.94 (0.87) 3.13(0.79) 3.26 (6.85)
Control 2.95(0.84) 2.08 (0.82) 3.11(0.83)
Yes 0.110 0.018
Intervention 2.68 (0.85) 2.84 (0.85
Control 2.53 (0.83) 2.62(0.84)
Do you know anyone who has ski neer?
No 0.0607 0.018
Intervention 2.68 (0.87) 2 ( 3.08 (0.86)
Control 2.63(0.84) 2.84 2.87(0.84)
Yes 0.005 0.016
Intervention 2.87 (0.87) 3.15(0.82) 3.28(0.85)
Control 3.00 (0.86) 3.07 (0.85) 3.15(0.85)
Socioeconomic status (assessed as annual household income)®
<$25,000 0.026 0.042
Intervention 2.72 (0.92) 3.12(0.85) 3.21(0.97)
Control 2.69 (0.83) 2.84(0.87) 2.91(0.83)
$25,000-54,999 0.393 0.004
Intervention 2.73(0.86) 2.93 (0.82) 3.07(0.82)
Control 2.75(0.86) 2.91(0.86) 3.00(0.88)
$55,000+ 0.014 0.016
Intervention 2.91(0.88) 3.10(0.81) 3.23 (0.85)
Control 2.91(0.88) 3.03 (0.83) 3.08 (0.85)
Gender*
Female 0.031 0.008
Intervention 2.95(0.88) 3.18 (0.84) 3.29 (0.85)
Control 2.88(0.88) 3.02 (0.87) 3.11(0.86)
Male 0.001 0.042
Intervention 2.59(0.82) 2.80 (0.74) 2.97(0.85)
Control 2.71(0.85) 2.85 (0.80) 2.85(0.82)

Note. Sample size with complete data at baseline, 12-month, and 24-month time points included in analyses, N = 1,294, repeated-
measures ANOVA.
¢ Means reported are for the Sun Protection Behavior Scale.
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TABLE 2

Group Differences (Percentage in Action/Maintenance) for Stage of Change

Stage of change for sun protection

12 months

24 m(mthx

Control

Treatment Treatment C (mtml
N (% in A/M) (% in A/M) P N % in A/M) (% in A/M) P
All 973 25.9 20.5 0.049 845 31.5 25.5 0.054
Ages 16-24 317 23.3 15.8 0.095 261 32.3 23.4 0.071
Ages 25-39 410 24.5 24.8 0.951 357 26.3 25.8 0.921
Ages 4065 246 31.1 19.3 227 38.2 27.9 0.100
Females 589 27.9 20.0 . 503 30.9 26.0 0.219
Males 384 22.8 21.4 0. 137 342 32.4 24.9 0.124
Stage of change for sunscreen use
All 1092 22.3 13.5 0.001 948 27.1 17.0 0.001
Ages 16-24 332 20.5 11.7 0.029 278 20.9 15.3 0.223
Ages 25-39 450 19.9 14.7 0.147 393 26.1 18.9 0.090
Ages 40-65 310 27.1 13.6 0.004 277 33.5 16.0 0.001
Females 647 25.0 14.4 0.001 551 31.7 20.5 0.003
Males 445 18.3 12.0 0.065 397 20.7 i2.2 0.023
Note. Only individuals in preaction at baseline are included. Two-tailed P values are reported.
nally, we examined the effect of the intervention and wearing h ind for stages of change. Stage of

on Ielapbe rates, individuals in action or maintenance
at baseline who regressed to a preaction stage at
follow-up. No significant differences between groups
were found in relapse rates for reducing unprotected
sun exposure (treatment = 34& 6% vs control = 30.0% at
1Zmonths; treatment = 20.7% vs control = 21.2% at 24
Lc}nﬁhb) or for sunscreen use (treatment = 29.4% vs

I = 28.8% at 12 months; treatment = 26.6% vs
control = 27.3% at 24 months).

DISCUSSION

L2

13 1 £
ntion studies i

have been e

A1

o

erve

o

Few p**ﬂviouq in

>

,,.

t ected sun exposure behaviors
i rpical intervention

z

[

.Eaiwn basis. T3

entire popula
no the‘revcaﬁ framework [8].
programs at best demonstrate increases in knowledge
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[39], 1,685 [46], [40]), while others have not [47]. Our
study is one of the first to show demonstrable and
lasting impacts on protective sun exposure behaviors
in an at-risk sample on a population basis. The mag-
nitude of these effects was modest, as may be expected
in a large-scale, population-based public health inter-
vention in which the study sample reflects the high
proportion of people in the precontemplation stage that
is found in the general population. Significant results
were obtained for behavioral outcomes—including self-
reported frequency of sunscreen use, sun avoidance,

change results included both progression to the action
stage and any forward stage progression and wers
obtained for both general sun protection behavior and
a specific and salient marker aehawov sunscreen use.
Increases in protective behavior a
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=1fmtaw)ﬂs of our smdy mciude reliance on self-
reported outcomes, which allow for possible bias, par-
ticularly social desirability bias, or unbiased yet inac-
curate responses. Although we found an effect of our
overall intervention package, we could not differenti-
ate the effects of its various components with this
research design. We also could not assess outcome in
the dropouts, so a complete intention-to-treat analysis
may have found smaller effects.

Several aspects of these results are noteworthy. In
particular, it is especially encouraging that the inter-
vention not only moved individuals to the action stage
but also accelerated all forward movement through the
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TABLE 3

Group Difference in Stage Progression by Stage of ( hange

Stage of change for sun protection

12 months

24 months

Treatment

Treatment Control Control
N (% progr) (% progr) P N (% progr) (% progr) P
All 973 35.8 29.7 0.040 845 42.4 32.2 0.002
Ages 16-24 317 34.6 25.3 0.072 261 43.5 32.1 0.057
Ages 25-39 410 34.5 34.8 0.956 357 37.1 31.9 0.294
Ages 40-65 246 394 26.3 0.030 227 48.8 32.7 0.014
Females 589 37.8 29.2 0.027 503 41.0 35.0 0.171
Males 384 33.0 30.5 0.597 342 44.5 27.8 0.001
Stage of change for sunscreen use

All 1092 31.8 22.1 0.001 948 35.8 23.4 0.001
Ages 16-24 332 29.8 22.8 0.147 278 33.6 26.4 0.190
Ages 25-39 450 30.1 21.9 0.047 393 33.0 21.6 0.011
Ages 40-65 310 35.9 21.4 0.005 277 41.1 22.7 0.001
Females 647 35.7 22.9 0.001 551 39.7 26.9 0.001
Males 445 26.2 20.8 0.183 397 30.3 18.5 0.007

Note. Only individuals in preaction at baseline are included. Two-tailed P values are reported.

stages of change. This is important because a 1aige
proportion of the at-risk population for skin cancerisin
the precontemplation stage and clearly not ready to
adopt precautionary behaviors [8,29]. Intervention
programs must include strategies designed to help
these refractory and resistant individuals enhance
their motivation to begin the process of behavior
change. This process can be expected toc take some
time, as individuals s’wuc‘g}e with and resei’v’e t‘he is-
sues characteristic of each stage of the change process
and consolidate these gains before mwmg on
next stage. Individuals equipped to make st
a*aw@pnme cognitive and behavioral chvmges ap
to be able to continue to move forwax
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studies of stage-matched interventions for smoking
cessation [16,17,23].

We note that the greatest effect of this intervention
was in the 16- to 24-year age group, which is some-
times assumed to be particularly difficult to reach and
which often has particularly intense and consequential
exposures. Transtheoretical model-based interventions
such as this may be particularly important and useful
among adolescents [34].

Also noteworthy is that the results of this study were
accomplished with a high-risk population recruited at
the beach site with high recruitment rates (83%) and,
given the somewhat transitory nature of the popula-
tion, with a reasonable retention rate (62%) over the 2
years of the study. Recruitment and retention rates are

ig. 2 aLd in

'mporta 1t considerations in assessing the dissem-

inability and potential public health impact of behav-
ioral interventions. Such interventions are often
judged more on the efficacy component of the outcomes
without due consideration of recruitment and retention
that are important components of population-level ef-
fectiveness.

Increases in protective behavior were also noted for
the assessment- only group, a}ﬂ“ovg‘}* tl‘:ese were
smaller than th f intervention S-VEUL;CCJ‘B This effect
trends due to increased attention to
popular press and media. Alterna-

h the contrel group may re

A
+

! assessﬂ_ent ef relevant sun g
havi his possibilits
has bcu& STJC{,Lla'Z

en owagzng “since ‘me v prev;&dsﬁ addi-

or the beach as a good site for reaching
and intervenin g With individuals who are at increased
behavioral risk for skin cancer.
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