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Intrd n
Skin cancer is the most common

form of cancer affecting Australians,' and
Australia has the highest incidence of skin
cancer in the world.2 In 1987, 20 to 25
Australians per 100 000were diagnosed as
having cutaneous malignant melanoma,3
and 823 Australians per 100 000 were di-
agnosed as having nonmelanocytic skin
cancers.4 In Australia, skin cancer results
in 1000 deaths each year and has been
estimated to cost the community $400 mil-
lion annually.5

Although the burden of illness asso-
ciated with skin cancer is significant, this
disease is estimated to be almost 80% pre-
ventable6 and almost 100% curable by the
adoption of a correct and vigilant set of
primary and secondary preventive behav-
iors.7,8 Primary preventive behaviors,
which limit exposure to ultraviolet radia-
tion, not only offer the best prospect of
reducing the incidence of skin cancer,6,9
but also potentiate the spontaneous remis-
sion of existing solar keratoses'0 prior to
possible malignant transformations."1 A
substantial reduction in the number of so-
lar keratoses has been observed in out-
door workers who were able to reduce
their sunlight exposure over a 12-month
period.'0 Secondary preventive behav-
iors, or screening for skin cancers and
seeking prompt medical advice, substan-
tially improve the prognosis of existing
carcinomas.'2

There are particular groups, most no-
tably outdoor workers, who are at in-
creased risk of developing skin cancer,
given their solar exposure. The work en-
vironment for this group intrinsically con-
stitutes a health hazard,'2-'4 and it has been
found that those working in outdoor occu-
pations are more susceptible to developing
nonmelanocytic skin cancers.'1-'8 Squa-
mous-cell carcinomas and basal-cell carci-
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nomas are reportedly almost twice as prev-
alent in long-term outdoor workers than in
indoor workers, and outdoor workers are
reportedly more than twice as likely to de-
velop solar keratoses.18 Outdoor workers
are also more likely to develop malignant
melanomas on parts of their body exposed
to sunlight during working hours.17,19,20
Hence, outdoor workers represent an im-
portant target group at risk of developing
skin cancer.

While avoidance of sunlight expo-
sure is the ideal,6,9 such a prevention strat-
egy cannot be exclusively incorporated
into the work practices of outdoor em-
ployees. This population might, however,
beneficially adopt several other primary
protective initiatives, such asjob planning
for maximum utilization of shade areas,
particularly around midday, and use of so-
lar protection items such as protective
clothing, broad-brimmed hats, sun-
screens, and sunglasses. Along with such
measures, which are supported by the
Australian Council of Trade Unions Oc-
cupational Health and Safety Unit,21 ed-
ucational and behavioral interventions
promoting the adoption of solar protection
behaviors are also valued.
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The aim of the present study is to
evaluate the effectiveness of a workplace
intervention in changing the knowledge,
attitudes, and solar protection behaviors
of outdoor workers, using a randomized,
controlled trial design.

Metlods
Procedure and Sample

This study involved outdoorworkers
from a local electrical supply authority
employing approximately 1200 individu-
als in total. The types of tasks undertaken
by these workers, which were generally
performed in groups of two to five indi-
viduals, included digging trenches; lop-
ping trees; erecting, treating, and main-
taining electricity poles; and reading
meters door to door.

In this randomized controlled trial, 12
depots containing outdoor workers were
randomly allocated to a control or inter-
vention group based on geographic loca-
tion. This randomization procedure was
used to mninimiize the risk ofcontamination
between the two study groups. Employ-
ees were considered ineligible if they
spent less than 80%o of their day working
outside or iftheywere going to be on leave
during the study period. Following ran-
dom allocation to groups, eligible employ-
ees were sent a letter from the chief in-
vestigator inviting them to participate in
the research.

The effectiveness of the intervention
was assessed by comparing pre- and post-
test and between-group differences in so-
lar protection behavior, knowledge, and
attitudes. The pretest assessment of these
variables was made in both groups during
the week prior to the intervention. Fol-
lowing pretest measures, the intervention
group participated in the intervention,
which was conducted over a 1-week pe-
riod. The posttest measures were col-
lected 1 month following the completion
of the pretest data. At pre- and posttest
assessments, participants were asked to
return their completed measures to the re-
search team in sealed, prepaid, addressed
envelopes to ensure confidentiality of in-
formation.

Pre- and Posttest Measures
Solar protection behavior diary.

Consenting participants were required to
complete a solarprotection behavior diary
for5 consecutive working days. This diary
was developed to gather self-report infor-
mation about the prevailing weather con-
ditions and about participants' clothing

and sunscreen use on different parts ofthe
body. This information allowed a protec-
tion score to be calculated for each par-
ticipant for the5-dayperiod. The format of
the diary was easy to follow, with re-
sponses being recorded by circling one of
a number of options in each category. To
encourage accurate recall, the diary for
each day was divided into four 2-hour
blocks of time between 7:00 AM and 3:00
PM, and participants were asked to com-
plete each entry as soon as possible after
the end of the 2-hour period rather than at
the end of the day.

During the pretest phase, the accu-
racy of self-report by the target group was
assessed by direct observation proce-
dures. Both a member of the research
team and a safety officer directly observed
a proportion of the outdoor workers and
completed the items in the diary corre-
sponding to one of the 2-hour time peri-
ods. Kappa was used to assess the extent
of agreement between the participants'
responses and those made by direct obser-
vations, with significant kappa achieved
in four of the five categories of interest:
what was worn on the head (K = 0.71,
P < .05), on the face (K = 0.42,P < .05),
on the shoulders and arms (K= 0.64,
P < .05), and on the legs (K = 0.89,
P < .05). The only category in which dis-
agreement was reported was what was
worn on the feet, and this involved report-
ingwhether long or short sockswereworn
with safety boots (K = -0.02, P > .05).
This difference had no bearing on the cal-
culation of the final protection score.
These results, therefore, indicate that the
self-report solar protection behavior diary
is a valid measure of solar protection be-
haviors in this target population.

Knowledge and atiudes. A ques-
tionnaire developed and previously pilot
tested by the research team22 was used in
this study: part 1 comprised 6 items de-
signed to gather information about the
subjects' skin ype and skin-checking be-
havior; part 2 consisted of 18 items that
assessed knowledge about solar protec-
tion and skin cancer issues (maimum
score = 23 points, including subitems);
and part 3 consisted of 25 items designed
to assess attitudes about solar protection
and skin cancer. Responses to all items in
the questionnaire were recorded by cir-
cling the appropriate response options.
Details of age and gender were also ob-
tained in the questionnaire, which demon-
strated high levels of face and content
validity.23

Principal components analysis using
the statistical package BMDP, program

P4M,24 was used to identify factors from
the 25 attitude items. Six subscales were
extracted in this analysis, which together
accounted for 41.1% of the variance. The
four subscales that were internally consis-
tent (Cronbach's alpha > .0525) measured
participants' attitudes about their personal
susceptibility to developing skin cancer
(12.8%), risk-taking propensity (8%), per-
ceived benefits of having a suntan (4.8%),
and extemal locus of control (4.6%).

Intervention
The intervention consisted of two

components: a skin screening session and
an education session.

In the screening session, each partic-
ipant had his or her skin individually
checked by one of five practicing derma-
tologists. All screening was conducted in
privacy, and the dermatologists were
asked to rate the condition of the skin on
two scales: a 7-point photodamage scale
and an 8-point premalignant and malig-
nant damage scale (Table 1). These scales
were developed by the dermatologists and
specialist surgeons for use in this study,
based on evidence that accumulated sun
damage to the skin is associated with the
development ofnonmelanocytic skin can-
cer.l7,A,r Before the intervention was be-
gun, a number of meetins were held to
disuss the two skin scales and the extent
and type of feedback to be given to the
subjects. This was done to maximize the
consistency among the five dermatolo-
gists in their assessment of sun damage
and personal risk of the subjects. The der-
matologists then informed each partici-
pant of his or her current level of skin
damage and personal risk of developing
more extensive damage and/or skin can-
cer. Where necessary, the dermatologists
also advised the subjects to see their per-
sonal general practitioner formanagement
of a lesion or for referral to a specialist for
management.

In the education session, the New
South Wales Cancer Council's Hunter
Region education officer delivered a 30-
minute lecture to the participants in
groups of approximately 10 to 15 partici-
pants. The talk addressed skin cancer in
Australia, the increased risk for outdoor
workers, and the opportunities for preven-
tion using both measures that are gener-
ally available and measures that are spe-
cifically issued in this workplace, such as
sunglasses, wide-brimmed hats, wide
brims and back-flaps for hard hats, sun-
screens, long-sleeved shirts, and light-
weight overalls. Participantswere encour-
aged to ask questions, and pamphlets
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supporting the lecture were also distnb-
uted.

Participants in the control groupwere
offered the opportunity to take part in the
screening and education intervention at
the end of the posttest data collection.

Remsu
Study Sample

Ofthe initial sample of 127 employees
in the intervention group, 14 were not eli-
gible for participation in the study, 17 did
not return any of the pretest data, and 10
completed only part of the pretest, leaving
86 employees with complete pretest data.
A complete data set suitable for analysis
ofallvariableswas available for65 (76%) of
these individuals (64 men, 1 woman; mean
age = 40.6years, range = 22 to 63 years).

Of the initial sample of 136 outdoor
employees in the control group, 5were not
eligible for participation in the study, 20
did not return any of the pretest data, and
13 completed only part of the pretest data,
leaving 98 employees with complete pre-
test data. A complete data set suitable for
analysis of all variables was available for
77 (79%) of these individuals (all men;
mean age = 40.4 years, range = 23 to 61
years).

Analyses were conducted to assess
whether there were any differences in
baseline variables between participants
who had completed only part of the study
(e.g., pretest data only) versus those who
had completed all parts. These compari-
sons revealed no significant differences in
age (P = .124), baseline knowledge
(P = .395), and baseline solar protection
score (P = .149).

Photodamage and Premalignant
and Malignant Damage

A test for trendwas conducted on the
control and intervention groups' results
and indicated that the two groups did not
differ from the linear trend on either the
photodamage scale (P = .444) or the pre-
malignant and malignant damage scale
(P = .571). Given the small sample in a
number of the cells, grades 4 to 6 were
collapsed in the photodamage scale and
grades 3 to 7 were collapsed in the pre-
malignant and malignant damage scale,
prior to conducting the test for trend. The
proportions of outdoor workers with dif-
ferent levels of damage on the two scales
are presented in Table 1. The two scales
were found to be significantly correlated
(r = 0.57, P = .0001), indicating a posi-
tive relationship between the degree of

photdamage and premalignant/malignant
change in the skin.

Solar Protecion Behavior
A protection score was calculated for

every opportunity available for protec-
tion. An opportunity was defined as the
worker's being outdoors between 11:00
AM and 3:00PM when there was no rain.
Protection level was calculated by giving
each participant an aggregate score for the
use of solar protection measures on each
of nine body regions. A body region was
considered to be adequately protected if it
was fully covered by clothing/hat or
shaded at the time ofthe interview, and/or
if sunscreen lotion with a sun protection
factor of 15 or higher had been applied to
that region, as recommended by Austra-
lian Cancer Councils.

The points assigned to each body re-
gion were weighted to reflect the compar-
ative risk, as indicated in the literature, of
that region developing melanoma or skin
cancer.13,2" Thus, the face, back, and
legs were appointed a maximum protec-
tion score of 3 points each, the shoulders

and upper arms were appointed a maxi-
mum protection score of 2 points each,
and the remainingbody areas (neck, lower
arms, chest, and stomach)were appointed
a maximum protection score of 1 point
each. Using this relative weighting scale,
participants' overall protection level was
scored out of a possible maximum of 17
points. Participants who scored 13 or
more points (>75% ofthe body protected)
were classified as having high protection
during the period of diary completion.
This cutoff point was selected to ensure
consistency with previous research.31

Using this definition, z scores32 used
to make between-group comparisons indi-
cated no baseline difference between the
two groups in the percentage of workers
protected (intervention = 50%, con-
trol = 49%;P = .904) but a significant dif-
ference at posttest (intervention = 66%,
control = 49%o; P = .042), with a greater
proportion of outdoor workers in the inter-
vention group having high solarprotection.
McNemar's test32 was used to assess the
change in protection from pretest to post-
test in each group. As Figure 1 illustrates,
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the proportion of outdoor workers who
used high solar protection increased signif-
icantly from pre- to posttest in the inter-
vention group (P < .02) but did not change
in the control group (P = 1.0).

Knowledge and Attides
A knowledge score was obtained for

each group by calculating the average per-
centage of correct responses from a max-

imum of23 points. Between-group knowl-
edge was compared using t tests, and
within-group knowledge was compared
using paired t tests. As illustrated in Figure
2, there was no significant difference be-
tween the two groups at baseline (interven-
tion = 55%, control = 55%; P = .774).
Whfle both groups demonstrated a signifi-
cant improvement in the average percent-
age of correct knowledge score from pre-
test to posttest (intervention = P < .001;
control = P < .01), the level at posttest
was significantly higher in the intervention
group (62% vs 58%, P < .05).

An attitude score was calculated by
using the factor scores from each of the
intemally consistent factors, with the most
desirable response receiving the maximum

score (100%o). There were no differences
between the two groups either at baseline
(intervention = 50%, control = 49%;
P = .567) or at posttest (intervention =

49%, control = 48%; P = .449), and no

changes were observed in either group
from pretest to posttest.

iswussion
Although outdoor workers are at in-

creased risk of developing skin cancer be-
cause of the nature of their occupa-
tion,12-14 no evaluated health promotion
activities directly targeting this health
problem have been reported in the work-
place. The primary aim of this study was
to develop and evaluate the effectiveness
of a workplace intervention program de-
signed to improve the solar protection be-
havior and related knowledge and atti-
tudes of a sample of outdoor workers in
the Hunter Region.

The results revealed a significant im-
provement in both the knowledge and the
solar protection behavior of the workers
who participated in the intervention. This
was indicated by an increase of 16% from

pre- to posttest in the proportion ofwork-
ers in the intervention group who used
high solar protection, compared with no
improvement in overall protection of
workers in the control group. Knowledge
about skin cancer and solar protection is-
sues was also assessed in this study, and
although both groups improved in their
average knowledge score, the improve-
ment was significantly greater in the inter-
vention group. Neither group showed any
change in their attitudes about skin cancer
and solar protection.

The success of this intervention in
improving the knowledge and solar pro-
tection behavior of the target group may
be attributed to a combination of factors.
First, the delivery of the intervention
through the workplace may have contrb-
uted to its success, as previously dis-
cussed.33-38 Given that exposure to the
sun is an inherent part of the work envi-
ronment of outdoor workers, attempts to
change the workers' solar protection be-
havior at the work site are likely to be
more successful than less environmen-
tally specific interventions, as supported
by the results of this study.

Second, the education session com-
plemented the screening session by pro-
viding specific information on the means
of modifying the health risk behavior (i.e.,
solar exposure), thereby addressing per-
sonal vulnerability to developing skin can-
cer. Such information included the oppor-
tunities to prevent skin cancer by using
both measures that are generally available
and measures that are specifically issued
in this workplace, such as sunglasses,
wide-brimmed hats, wide brims and back-
flaps for hard hats, sunscreens, long-
sleeved shirts, and lightweight overalls.
Furthermore, distribution ofwritten infor-
mation could encourage social support
from other members of an individual's
household, thereby providing an addi-
tional motivation to change.

In conclusion, although the interven-
tion developed and evaluated in this con-
troiled trial was associated with an im-
provement in both the level of knowledge
and the proportion ofworkers adequately
protected, a number of issues need to be
addressed in future research. First, the
proportion of protected outdoor workers
improved 16% after participation in the
intervention. While this result may not ap-
pear to be substantial, it was achieved by
implementing a relatively brief interven-
tion, which consisted of one screening/
education session. Since the overall level
of protected outdoor workers remains
suboptimal in this group (66%), the poten-
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tial for achieving greater improvements
needs to be examined in future programs.
Furthermore, research is required to de-
velop and evaluate interventions that may
have a lasting effect on the solar protection
of the vulnerable target group.

Second, although the intervention
was effective, further programs specifi-
cally targeting outdoor workers should be
developed and systematically evaluated to
assess the relative cost-effectiveness of
simple versus more intensive interven-
tions. Ideally, programs incorporating
screening should use existing resources
within the workplace, such as occupa-
tional health and safety officers, whosejob
description clearly encompasses such
health promotion activities. The response
ofboth employees and management in our
research suggests that such programs
would be well supported.

Finally, while this program focused
specifically on individual behavioral
change, it is important that the issue of
solar protection for outdoor workers be
considered on multiple levels. These may
include providing educational sessions;
adopting and enforcingworkplace policies
that address protection and screening;
providing adequate solar protection items,
including lightweight overalls, hats, and
sunscreen; providing structural shelters,
such as umbrellas or canopies; and re-
structuring outdoor work to avoid the
most harmful period of the day. Each op-
tion is associated with some financial as
well as administrative costs to the work-
place, so the likelihood of a workplace
adopting one or a number ofthese options
will depend on available resources and the
perceived priority of skdn cancer in rela-
tion to other workplace health promotion
and occupational health and safety issues.
However, the long-term benefits in reduc-
ing the burden of illness of skin cancer are
likely to be substantial. O
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