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Abstract The present study assessed perceptions of effec-
tive sun-protection strategies among the general public and
whether these perceptions have changed in recent years.
During five summers from 2007/2008 to 2011/2012,
4217 adolescents and adults living in a region with very
high levels of solar UV radiation participated in annual,
cross-sectional telephone surveys. Respondents’ percep-
tions of the most effective sun-protection strategy were
measured with a single open-ended question. In all survey
years, sunscreen was the by far most frequently nominated
sun-protection strategy, with an average mention rate of
71.0 %. The tendency to nominate sunscreen increased
significantly over the 5-year study period and on average,
was more common among adolescents compared to adults
(81.6 vs 60.0 %) and females compared to males (73.6 vs
68.3 %). Despite respondents’ increasing tendency to nom-
inate sunscreen as the most effective sun-protection strate-
gy, health experts have voiced concerns about flawed ap-
plication practices. Current sun-protection hierarchies indi-
cate that protective clothing and shade are better options.
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Introduction

Overexposure to solar ultraviolet (UV) radiation is the leading
cause of skin cancer [1]. By adopting behavioural sun-
protection strategies that reduce the impact of UV radiation,
skin cancer is largely preventable [1, 2].

Although individuals have various sun-protection
strategies at their disposal (such as wearing sunscreen
or protective clothing, seeking shade, or staying in-
doors), protection behaviour is generally poor and dom-
inated by sunscreen use [3]. It is unclear, however,
whether the heavy reliance on sunscreen as the primary
sun-protection strategy reflects the belief that sunscreen
is the most effective way of protecting the skin from
sun damage or whether sunscreen is relied upon for
other reasons (e.g., limited availability of alternative
strategies such as shade).

From a health promotion perspective, the heavy reli-
ance on sunscreen is problematic because alternative
sun-protection strategies, most notably shade and protec-
tive clothing, have been assigned higher rankings in
sun-protection hierarchies [3–5]. Despite its proven ef-
fectiveness in skin cancer prevention [6, 7], sunscreen
depends on correct application [3] and should be used
as an adjunct to other sun-protection behaviours rather
than as a substitute [5, 8].

To inform future health promotion campaigns and identify
potential deficits in sun-related knowledge and behaviours,
the present study examined the general public’s sun-
protection beliefs, which may differ from the advice of expert
groups. Respondents were asked to report the skin-protection
advice they would give to others. By framing the relative
importance of sun-protection strategies this way, responses
were expected to be less influenced by individual characteris-
tics, such as skin type or tanning preferences.
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Method

The study received approval from the Curtin University Hu-
man Research Ethics Committee. Respondents were recruited
via random digit dialling during five summers between
2007/2008 and 2011/2012 as part of a long-running survey
that tracked Western Australians’ knowledge and behaviours
relating to sun exposure. The annual cross-sectional surveys
were conducted via computer-assisted telephone interviewing
(CATI), with a total usable sample of 4217 respondents (50 %
male, 50 % female) aged between 14 and 45 years. The age
range reflects the importance of prevention in the younger
years for reducing the lifetime risk of skin cancer [1, 9] and
hence the focus on younger audiences in many sun-protection
campaigns. The study findings may be used to identify spe-
cific domains that require additional educational effort and
assist in informing future educational strategy.

Measurement of Perceived Importance
of Sun-Protection Strategies

Respondents’ perceptions of the most effective sun-protection
strategy were measured with a single open-ended question: ‘If
you were going to advise someone on how to protect their skin
from the sun, what would you tell them was the single most
important thing to do?’. If responses contained more than one
sun-protection strategy (e.g., ‘wearing a hat and sunscreen’;
3.8 % of all responses), the strategy mentioned first was en-
tered into the analysis. An exception was the long-promoted
Australian sun-protection campaign message ‘slip slop slap’
[2]. Although strictly speaking it refers to a combination of
three sun-protection behaviours (i.e., slip on clothes, slop on

sunscreen, and slap on a hat), it was treated as a single strategy
for the purpose of this study because of its common usage in
Australian parlance.

Statistical Procedure

To evaluate the tendency to nominate sunscreen as the most
important sun-protection strategy, a binomial logistic regres-
sion analysis was conducted with strategy (sunscreen versus
other sun-protection strategies) as the dependent variable and
survey year as a continuous predictor variable, controlling for
the effects of age and gender. P values of 0.05 or less were
considered statistically significant.

Results

Table 1 reports the percentages of respondents nominating the
various skin-protection strategies in each survey year. With
percentages ranging between 65.0 and 75.9 %, sunscreen
was by far the most frequently reported sun-protection strate-
gy in all years. This tendency increased significantly over the
study period (β=0.147, p<0.000, OR=1.158, Nagelkerke
R2=0.096). In addition to this increase over time, age and
gender were significantly associated with the tendency to
nominate sunscreen (p<0.000), with more frequent mentions
of this sun-protection strategy by adolescents (81.6 %) and
females (73.6 %) relative to adults (60.0 %) and males
(68.3 %).

Protective clothing ranked second at an average of 16.0 %,
while other sun-protection strategies were nominated by less
than 5 % of the total sample. Contrary to sunscreen, protective

Table 1 Percentage of respondents nominating sunscreen versus alternative sun-protection strategies as the most important for skin protection

2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 Total
n= 1080 n = 914 n = 805 n= 812 n= 606 N=4217
(%) (%) (%) (%) (%) (%)

Use sunscreen 65.0 70.5 71.6 75.9 74.9 71.0

Alternative sun-protection

Wear protective clothing 20.2 15.0 16.2 13.3 13.5 16.0

Stay out of sun 4.0 5.5 4.6 4.3 3.6 4.4

Wear a hat 4.9 3.5 3.9 2.6 4.0 3.8

Use shade 2.8 1.9 1.2 2.2 1.7 2.0

Slip slop slap 1.9 2.4 0.9 0.7 1.3 1.5

Stay inside 0.3 0.7 0.7 0.4 0.5 0.5

Wear sunglasses 0.1 0.1 0.1 0.0 0.0 0.1

Do mole check 0.2 0.0 0.0 0.0 0.0 0.0

Others 0.3 0.2 0.4 0.1 0.2 0.2
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clothing was nominated less frequently over time, reflecting a
possible trade-off between these two strategies.

Discussion

The present study investigated how perceptions of the most
effective sun-protection strategy varied over a 5-year period
among people living in a region with very high levels of solar
UV radiation. In all survey years, sunscreen was by far the
most frequently nominated strategy, with 74.9 % of respon-
dents recommending sunscreen in the most recent survey year.
The tendency to nominate sunscreen increased significantly
over the study period. Consistent with previously observed
higher sunscreen usage rates among females [10], females
were more likely to nominate sunscreen than males. In addi-
tion, adolescents were more likely to nominate this sun-
protection strategy relative to adults.

Although sunscreen effectiveness in preventing skin cancer
has been clearly demonstrated [6, 7], it needs to be applied
correctly to provide the expected level of protection. In reality,
people often use too little sunscreen, fail to apply it to all
exposed skin, reapply inadequately, and/or view sunscreen
as a substitute for other sun-protection practices rather than
as an adjunct [5]. In addition, sunscreen is frequently used as
the primary sun-protection strategy, with generally low rates
of practising multiple sun-protection behaviours at the same
time [11]. Sun-protection hierarchies generally rank shade
seeking first, followed by protective clothing, with sunscreen
ranked as the third most effective sun-protection strategy
[3–5]. The heavy reliance on sunscreen use as a sun-
protection strategy indicates that information about correct
application needs to be strongly emphasised in health promo-
tion messages or skin cancer prevention programmes [12].

More importantly, the present findings suggest that alterna-
tive or complementary forms of protection need to be
highlighted as part of comprehensive sun-protection ap-
proaches, particularly protective clothing and shade that rank
above sunscreen in sun-protection hierarchies. Australian
sun-protection education programmes (e.g., SunSmart) have
traditionally been multi-faceted in their approach, promoting
sun-safe behaviour in various contexts such as schools and
workplaces, and via various mass media channels [13]. The
current findings may assist in identifying possible avenues for
future campaigns, for instance dedicating a television com-
mercial to the apparently less salient sun-protection strategies
and building new shade structures in highly frequented places.

Despite the importance of the present findings for health
promotion and educational strategy, potential limitations of
the present study need to be considered, including its cross-
sectional nature. More specifically, the surveys were conduct-
ed with groups of respondents sampled each summer rather
than with one group tracked for the duration of the study.

Consequently, results do not represent trends at the individual
level, but provide insights into population-based changes over
time. In addition, only the first response was entered in the
analysis if answers contained more than one sun-protection
strategy. This decision was based on the basic assumption that
primacy is related to perceived importance and because less
than 4 % of answers reported more than one strategy.

Conclusion

The results suggest that the vast majority of people living in a
high-UV region regard sunscreen as the most important
sun-protection strategy, with especially high levels of support
evident among adolescents and females. However, the effec-
tiveness of sunscreen is often suboptimal due to flawed appli-
cation, and as a result, health experts tend to prioritise alterna-
tive strategies such as protective clothing and shade. Although
sunscreen plays an important role in skin cancer prevention, it
appears that it may be necessary to increase awareness of its
limitations when used in isolation.

Compliance with Ethical Standards The study received approval
from the Curtin University Human Research Ethics Committee.

Funding The Cancer Council Western Australia is funded by theWest-
ern Australian Department of Health to deliver and evaluate the SunSmart
health promotion campaign.

Conflict of Interest The authors declare that they have no competing
interests.

References

1. Greinert R, De Vries E, Erdmann F, et al. (2015) European code
against cancer 4th edition: Ultraviolet radiation and cancer. Cancer
Epidemiol.

2. Montague M, Borland R, Sinclair C (2001) Slip! Slop! Slap! and
SunSmart, 1980–2000: skin cancer control and 20 years of
population-based campaigning. Health Educ Behav 28:290–305

3. Linos E, Keiser E, Fu T, Colditz G, Chen S, Tang JY (2011) Hat,
shade, long sleeves, or sunscreen? Rethinking US sun protection
messages based on their relative effectiveness. Cancer Causes
Control 22:1067–1071

4. Diffey BL (2004) What can be done to reduce personal ultraviolet
radiation exposure? In: Hill DJ, Elwood JM, English DR (eds)
Prevention of skin cancer. Kluwer Academic Publishers,
Dordrecht, pp 241–258

5. Ghiasvand R, Lund E, Edvardsen K, Weiderpass E, Veierod MB
(2015) Prevalence and trends of sunscreen use and sunburn among
Norwegian women. Br J Dermatol 172:475–483

6. Green AC, Williams GM, Logan V, Strutton GM (2011) Reduced
melanoma after regular sunscreen use: randomized trial follow-up. J
Clin Oncol 29:257–263

530 J Canc Educ (2017) 32:528–531



7. Iannacone MR, Hughes MCB, Green AC (2014) Effects of sun-
screen on skin cancer and photoaging. Photodermatol
Photoimmunol Photomed 30:55–61

8. U.S. Department of Health and Human Services. The surgeon gen-
eral’s call to action to prevent skin cancer. Washington, DC: U.S.
Department of Health and Human Services, Office of the Surgeon
General; 2014.

9. Diepgen T, Mahler V (2002) The epidemiology of skin cancer. Br J
Dermatol 146:1–6

10. Holman DM, Berkowitz Z, Guy GP, Hawkins NA, Saraiya M,
Watson M (2015) Patterns of sunscreen use on the face and other
exposed skin among US adults. J Am Acad Dermatol 73:83–92

11. Bandi P, Cokkinides VE, Weinstock MA, Ward E (2010)
Sunburns, sun protection and indoor tanning behaviors, and
attitudes regarding sun protection benefits and tan appeal
among parents of U.S. adolescents—1998 compared to
2004. Pediatr Dermatol 27:9–18

12. Davis R, Loescher LJ, Rogers J et al (2015) Evaluation of
project Students are Sun Safe (SASS): a university student-
delivered skin cancer prevention program for schools. J
Cancer Educ 30:736–742

13. Sinclair C, Foley P (2009) Skin cancer prevention in Australia. Br J
Dermatol 161:116–123

J Canc Educ (2017) 32:528–531 531


	Sunscreen Increasingly Overshadows Alternative �Sun-Protection Strategies
	Abstract
	Introduction
	Method
	Measurement of Perceived Importance of Sun-Protection Strategies
	Statistical Procedure
	Results
	Discussion
	Conclusion
	References


