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SUMMARY
In many countries the incidence of melanoma has been doubling in every 10 years. Since 1930, the rate of melanoma has increased over 

1,800% and researchers are expecting this trend to continue and increase for the next 10 to 20 years. Primary prevention and early detection of 
skin cancer in childhood is important to reduce the risk of developing skin cancer later in life. Primary prevention programmes are more beneficial 
and effective in children, not only due to the particular importance of sunlight exposure during this period, but because this is when individuals 
are more open to changes and adopt new attitudes and behaviour. The purpose of this manuscript is to review the results of intervention studies 
designed to modify sun exposure behaviour among children in the United States of America, Australia and Europe. An additional purpose is to 
summarize the recommendations obtained from the reviewed studies. The strongest recommendation to emerge from this review is that the skin 
cancer primary prevention programme should be carried out over several school years, not just one time, to produce changes in the sun safety 
behaviour. Moreover, it recommends that parents should be targeted to educate their children about sun protective skills and promote skin cancer 
prevention behaviour.
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INTRODUCTION

The human body is made up of different types of cells. Normally, 
these cells grow and divide in a regular order. This process is known 
as a cell cycle. Any kind of improper functioning in the cell cycle 
components may lead to tumor formation. Not all tumors are can-
cerous. There are two basic types of tumors. One type of tumor is 
benign (non-cancerous), the other type is malignant (cancerous) (1).

Skin is the largest organ of the human body (2). It has three 
main layers: the outer layer – epidermis, the inner layer – dermis 
and the lowermost tissue layer known as tela subcutanea. There 
are many types of epidermal cells – keratinocytes (some subtypes 
of them are basal cells and squamous cells), melanocytes, Lang-
erhans dendritic cells, Merkel cells, and other infiltrating cells 
(lymphocytes, neutrophils, etc.). The three main types of skin 
cancer are named after these cells: basal cell carcinoma, squa-
mous cell carcinoma, and melanoma (1). Of these three cancers, 
melanoma is the most serious type of skin cancer (3). Melanoma 
occurs when melanocytes become malignant. Melanocytes are 
located in the bottom part of epidermis and they produce mela-
nin, the pigment responsible for the skin colour. When our body 
is exposed to ultra violet radiation (UVR) (the radiation can be 
either artificial – tanning bed, or natural – sunlight) melanocytes 
start producing more melanin and it leads to the tanning and 
darkening of the skin. Excessive exposure to UVR causes damage 
of melanocytes and increases the risk of skin cancer (1, 4). Skin 
cancers that are not cancerous are known as non-melanoma skin 
cancers, which comprised basal cell carcinoma and squamous 
cell carcinoma (5).

In many countries the incidence of melanoma has been dou-
bling in every 10 years. Since 1930, the rate of melanoma has 

increased over 1,800% and researchers are expecting this trend 
to continue and rise for the next 10 to 20 years (6). The rapid 
increase in the incidence of skin cancer is believed to be caused 
by a marked increase in UVR on our planet due to ozone layer de-
pletion (7, 8). Moreover, outdoor leisure, sunbathing behaviours, 
rise in use of sunbeds, and wearing clothes that do not protect skin 
from sun also play an important role in the increased rate of skin 
cancer (9–13). The other factors not depending on UVR exposure 
could be increased public awareness about skin cancer, increased 
life expectancy and improved diagnostic methods (14–17).

Skin Cancer in Europe and Australia
According to Cancer Research UK, in 2012 there were 12,818 

new cases and 2,746 total deaths from melanoma in Britain (18). 
During the past 20 years the incidence of malignant melanoma has 
grown in Sweden with an average annual increase of 3.8% for men 
and 2.8% for women. Every year approximately 30,000 people 
in Sweden are diagnosed with skin cancer and approximately 
400 die of skin cancer (19). Of 27 European Union countries, the 
highest incidence rates are estimated to be in Sweden for males 
(nearly 22 cases per 100,000) and Denmark for females (about 
26 cases per 100,000), and the lowest rates are estimated to be 
in Greece for both genders (more than 3 male cases per 100,000, 
and approximately 3 female cases per 100,000) (18). Australia 
has the greatest incidence of skin cancer in the world and yearly 
incidence of skin cancer cases has recently been estimated to 
be over 700,000 (20). Moreover, about two in three Australians 
are likely to develop skin cancer before the age of 70 (21). In 
Australia, 10,342 new cases of melanoma were reported in 2007 
alone, responsible for 1,279 deaths in the same year (21).
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Skin Cancer in the United States of America
In recent decades, in order to reduce potential exposure to UVR 

many national foundations and public health organizations includ-
ing the Centers for Disease Control and Prevention (CDC), the 
American Academy of Dermatology (AAD), the American Cancer 
Society (ACS), and the Skin Cancer Foundation have worked 
closely to promote anti-skin cancer campaigns, raise awareness 
about dangers of UVR from both natural and artificial sources, 
and deliver educational programmes focusing on skin cancer 
prevention as well as the need to practice sun-safety behaviour. 
Despite efforts of providing vital sun protection information to 
the public, the incidence of skin cancer is increasing rapidly in the 
US, predominantly among white Americans and the projections 
suggest that this trend will continue (22–26).  

Skin cancer is the most common form of cancer in the US 
(27). The incidence of skin cancer is growing more rapidly than 
incidence of all other cancers combined (i.e. breast, prostate, lung, 
and colon cancer) (2). It was estimated that one in five Americans 
will be diagnosed with skin cancer during his/her life (28). In the 
US, since 1973, new cases of melanoma and melanoma deaths 
have increased approximately by 150% and 44%, respectively 
(29). In white skinned population, strong evidence of positive 
association between sun exposure, sunburn and melanoma risk 
was observed (4, 30–32). The rate of melanoma in white skinned 
population is higher than in any other race in the US. White people 
were more likely to die of melanoma of the skin than people of 
any other group. Hispanic people had the second highest rate of 
deaths from melanoma of the skin, followed by African Ameri-
cans. Additionally, in males, melanoma is the fifth most common 
cancer and in females, it is the sixth most common cancer (29). 
According to ACS, in 2012, 44,250 new cases of melanoma in 
men and 32,000 cases in women will be diagnosed in the US, 
which will result in death of 6,060 men and 3,120 women (2).

Skin Cancer Risk Factors
Most skin cancers are caused by a long-term exposure to the 

sun (33, 34). Therefore, people who spent significant amount of 
time outdoor are more likely to have skin cancer – for example, 
farmers and construction site workers (35, 36). Moreover, fair-
skinned individuals who sunburn easily are at a higher risk for 
developing skin cancer than dark skinned people, since their skin 
produces less amount of the protective pigment called melanin 
(1). Family history of skin cancer can increase the risk of skin 
cancer (2). If one of your parents or a sibling has had skin cancer, 
you may be at increased risk of the disease (36). Furthermore, 
history of severe sunburns put individuals at risk of skin cancer 
(2). A person’s risk for melanoma doubles if he or she has had 
five or more sunburns at any age (37). Changes in the surface of 
a mole such as scaliness, oozing, bleeding particularly in an adult 
age indicates the development of skin cancer (2). Sunbathing and 
tanning are also risk factors for skin cancer (38). Many people 
believe that suntanned skin will make them look attractive. Each 
year roughly 30 million population of the US use indoor tanning 
beds (39). Of the population using tanning beds, 2–3 millions are 
teens (40). Additionally, frequent tanners are 2.5 times and 1.5 
times more likely to develop squamous cell carcinoma and basal 
cell carcinoma, respectively (41). Furthermore, other risk factors 
include atypical (familiar) mole syndrome, defects of p16, p53 

genes, exposition to chemicals (arsenic, chlorine, coal tar, etc.), 
and defects of DNA enzymes (xeroderma pigmentosum) (42).

Skin Cancer Prevention
There are three types of preventions: primary, secondary, 

and tertiary prevention. Primary prevention includes strategies 
that aim at lessening the risk factors of skin cancer, primarily 
exposure to sun rays and sunburn (43–46). The majority of skin 
cancer can be prevented by avoiding exposure to UVR (33, 34). 
CDC recommended following key actions which people should 
adopt to protect their skin against UVR. People should try to stay 
in shade or limit their exposure to sun during 10 am to 4 pm. 
Always cover skin with a T-shirt, wide brimmed hat and wear 
sunglasses to protect eyes from sun especially when the sun is 
strong between 11 am to 1 pm. Additionally, 99% of UVR can 
be blocked by using sunglasses (47). Sunscreen use is one of the 
most common protective behaviours for the prevention against 
skin cancer. Using sunscreen with a sun protection factor (SPF) 
of at least 15 reduces the risk of non-melanoma skin cancer (31). 
It was estimated that regular use of sunscreen with SPF of 15 for 
the first 18 years of life could reduce skin cancer by 78% (48). 

Next, secondary prevention comprised screening that helps in 
finding skin cancer at an early stage. When abnormal tissue or 
cancer is found early, it may be easier to treat. Most of the skin can-
cers can be cured if detected early (2). The most important activity 
for secondary skin cancer prevention is self-examination of skin 
every month or assisted by second person (e.g. friend or spouse) 
(49). The screening by general practitioners or dermatologist is 
recommended as a second line examination. Skin cancer screening 
can be done by primary-care physicians or dermatologists in their 
offices, or through community-wide screening programmes (50).

Finally, tertiary prevention focuses on advance surgical meth-
ods, latest medicines and regular screening to prevent skin cancer 
occurrence again in those patients who already have history of 
skin cancer (29, 51).

PURPOSE OF THE LITERATURE REVIEW

In many countries programmes designed to reduce the inci-
dence of skin cancer by altering sun exposure behaviour have 
been given high priority, while many studies have examined the 
resultant change in the knowledge level and attitudes towards skin 
cancer related health behaviour. The purpose of this manuscript 
is to review the results of intervention studies designed to modify 
sun exposure behaviour among children in the United States of 
America, Australia and Europe. An additional purpose is to sum-
marize the recommendations obtained from the reviewed studies.

METHODS OF LITERATURE SEARCH AND SELEC-
TION CRITERIA

To search articles concerned with the skin cancer prevention 
behaviour, literature search in the following databases was per-
formed: EBSCO, PubMed and MEDLINE. The following key-
words and phrases were used to search the articles in the databases: 
“skin cancer,” “melanoma,” “sun protection,” “sun exposure,” 
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“sun behaviour,” and “skin cancer intervention programmes.”
The CDC, ACS, and the Melanoma Foundation of Australia 

websites were also used to find skin cancer statistics. The refer-
ence lists of all articles identified were examined for potentially 
relevant articles. The criteria used for the articles can be found 
in Table 1. The articles that met the criteria were then reviewed 
and summarized. 

REVIEW OF PUBLISHED STUDIES

Girgis et al. compared methods of delivering an intervention 
programme in primary schools in Australia (52). In this ran-
domized controlled trial they compared two types of interven-
tion designed to improve sun protection behaviour in children 
aged 9–11 years. An intensive intervention programme Skin 
Safe was implemented over a 4-week period. The aim of the 
Skin Safe programme was to improve knowledge and attitudes 
about skin cancer and developing sun protection behaviour. 
Lecture was delivered from a Cancer Council Education Of-
ficer, posters and sunscreen samples were distributed at the end 
of the lecture. A total of 612 students participated in the study 
and then the students were randomly divided into three different 
groups: intensive intervention, standard intervention and control 
group. Questionnaires were distributed to collect data regarding 
knowledge and attitudes, and a self-completed diary was used to 
collect information regarding behaviour over five consecutive 
days (Monday–Friday). The Skin Safe programme was evaluated 
using pretest and posttest design. Results showed that students in 
the intensive intervention group were significantly more likely to 
use high level of protection at both posttest periods than control 
and standard intervention groups.

In the pre- and post- campaign questionnaire survey aimed at 
primary school children, Bastuji-Garin et al. assessed the impact 
of educational campaign on children’s knowledge, attitude and 
sun exposure behaviour (53). The pre-campaign survey was 
undertaken in September 1991, using 228 children from primary 
schools in the following area of France: Paris, a suburb of Paris, 
Tours, and Marseille. School children were interviewed separately 
at school with a structured standardized questionnaire. After 
9 months, in June 1992 before summer holidays, 228 primary 
school students participated in the educational programme at 
their schools. The educational programme was presented as a 
game during a 4-week period. The main objective of the edu-
cational programme was to make students aware of dangers of 
sun exposure. Then, 3 months later, after summer holidays, the 
post-campaign survey was undertaken in September 1992 on the 
same 228 students. The same person interviewed children both 

years. The questionnaire consisted of questions regarding the 
children’s colour of eyes and hair, skin type, ability to tan, attitude 
towards sun, knowledge about sun, protective measures, and the 
risk for skin cancer. Results from the two surveys revealed that 
children wore a hat and used sunscreen more frequently in post-
campaign period (September 1992) but did not wear a T-shirt more 
frequently. Furthermore, after the post-campaign period school 
children often used protective sunscreens. Moreover, significantly 
greater amount of children avoided going outside especially when 
the sun was strong. Fewer cases of erythema were observed in 
the children. Also, a significantly greater proportion of children 
declared that all sunscreens did not provide equivalent sun pro-
tection and thought that the protection of shade or a T-shirt was 
more effective than the protection of sunscreen.

Targeting children in the kindergarten, Buller et al. examined 
the effect of the Sunny Days, Healthy Ways sun safety curriculum 
(SDHW) for children in kindergarten through fifth grade in Tuc-
son, Arizona (54). SDHW was conducted with 744 students in 77 
kindergartens to fifth grade classes in 10 elementary schools. The 
objective of SDHW was to increase student’s knowledge, teach 
them solar protection skills, produce positive changes in attitudes, 
and stimulate sun safety behaviour. Students were divided into 
three groups. Group A students received SDHW twice over two 
years and group B received SDHW only once in a single year 
and group C (controlled group) students did not receive SDHW. 
Group C students only completed pretest and posttest surveys. The 
pretest and posttest surveys for school children were performed to 
measure change in children’s sun safety knowledge, attitude and 
behaviour towards sun. The children’s skin tone was measured at 
pretest and posttest using a colorimeter. Results from the pretest 
and posttest were following: Group A students who received 
SDHW twice over two years showed increased self-reported sun 
protection and decreased skin darkening. Group B students who 
received SDHW only once in a single year showed improved sun 
safety knowledge and group C (controlled group) students who 
did not receive SDHW showed no improvement in knowledge 
and skin darkening.

Buller et al. conducted a research to determine the effect of the 
Sunny Days, Healthy Ways sun safety curriculum (SDHW) on 
students in grades 6–8 (55). Two thousand thirty eight children 
participated from 30 middle schools in Colorado, New Mexico 
and Arizona. A group-randomized pretest-posttest controlled 
trial was undertaken to evaluate SDHW with children enrolled 
in grades 6–8. The SDHW curriculum had six 50-minute lessons 
intended to increase perceived personal risk for skin damage and 
skin cancer, positive outcome expectations about sun protec-
tion to reduce personal risk, and self-efficacy expectations for 
performing sun protection in a variety of situations. Moreover, 
SDHW taught children key prevention skills like selecting and 
applying sunscreen, selecting sun protective clothing, hats and 
sunglasses, using shade, and limiting time in the sun. Students 
were pretested in their classrooms in a group setting in Febru-
ary and March by trained staff. Students were then posttested at 
the end of the school year in May, using the same procedures 
as in pretesting. The surveys contained a variety of self-report 
measures on sun protection. In addition to this, skin tone of the 
children was assessed using colorimeter. Results of the pretest 
and posttest are following: compared to control schools, children 
receiving SDHW reported more frequent sun protection, a greater 

Category Criteria
Time period Publication date from 1990 to 2012
Study population Children
Location of the study United States of America, Australia, Europe
Publication language English
Study design Randomized control trial or nonrandomized
Intervention type Skin cancer related prevention behaviour

Table 1. Study inclusion criteria
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proportion of students wore long-sleeved shirts during recess and 
a significant greater proportion of students applied sunscreen. 
Students who had received SDHW improved their knowledge, 
decreased perceived barriers to using sunscreen, enhanced their 
self-efficacy expectations about sun safety, and also reduced 
favourable attitudes toward sun tanning. 

Buendia-Eisman et al. evaluated school intervention pro-
gramme to modify sun exposure behaviour in secondary education 
schools in Granada city, Spain (56). Group of 628 students from 
various schools in Granada participated in the study. Researchers 
implemented and assessed the school intervention programme to 
raise awareness and modify wrong behaviour regarding sunlight 
exposure. The following educational materials were used in the 
intervention: series of slides about sun, its nature, dangers, and 
benefits. Moreover, educational video, work material with games 
and a puzzle on the subjects about behaviour regarding the sun 
was provided. The control and study group completed a question-
naire prior to the intervention with educational programme and 
thereafter. Questionnaire contained knowledge about sun, skin, 
environment, health, behaviour and attitude about sun protection. 
Following results were obtained after the intervention: significant 
improvement in results concerning knowledge about sun exposure 
and skin as well as in attitudes and healthy behaviour regarding 
sun exposure.

Gilaberte et al. conducted a study to evaluate the effect of 
the Spanish school-based sun protection programme SolSano 
on student’s knowledge, attitudes and practices about sun safety 
(57). A total of 5,845 children participated in the study. This 
was a non-randomized study without control group. SolSano 
– a school-based health programme was carried out in primary 
school, grades 1 and 2 (children aged 6–8 years). The aim of the 
SolSano programme was to increase children’s knowledge and 
gain attitudes and skills required to reduce harmful effects of 
sun exposure and, in consequence, to prevent skin cancer. The 
SolSano programme contained educational material given to 
children and their parents. The educational material contained 
activity guide for teachers, a workbook for each pupil, and a 
poster with recommendations about how to behave in the sun. 
The SolSano programme was evaluated using pretest and post-
test design. Knowledge and behaviour related to sun exposure 
were analyzed through pretest and posttest design. Results of 
the pretest and posttest are following: significant increase in the 
knowledge towards the use of sunscreen, significantly greater 
amount of children avoided going outside especially when the 
sun was strong. Additionally, there was a slight reduction in the 
percentage of students who desired to be tan.

DISCUSSION

Most of the studies to date have been pre-post intervention 
surveys designed to assess the impact of educational interven-
tion programme on student’s knowledge, attitudes and practices 
about sun safety.

The most successful school-based intervention is reported by 
Girgis et al. using the Skin Safe programme (52). The Skin Safe 
programme was designed to be implemented over a 4 weeks period 
within the normal school curriculum, which provided opportuni-
ties for cooperative learning techniques, student participation and 

problem based learning strategies in order to promote awareness of 
the problems and potential solutions associated with sun exposure. 
Post test results taken after 8 months following the end of the pro-
gramme showed the significant increase in the protective behaviour 
which illustrates the success of this Skin Safe programme. How-
ever, the school-based programme targeting the same age group 
as the Skin Safe programme (Bastuji-Garin et al.) implemented 
over 4 weeks did not show consistent behaviour changes (53).

Results from a broader based campaign were reported by Buller 
et al. in 2,038 children from 30 middle schools in Colorado, New 
Mexico and Arizona. The research was conducted to determine 
effect of SDHW on students in grades 6–8 (55). In this study larger 
number of students dropped out of the SDHW intervention and 
results showed relatively small effects of SDHW in grades 6–8.

In contrast, another research was conducted targeting children 
in kindergartens in Tucson, Arizona. Buller and colleagues exam-
ined the effect of SDHW for children in kindergartens through 
fifth grade (54). SDHW was conducted with 744 students in 77 
kindergartens to fifth grade classes in 10 elementary schools. 
And the results showed that continuing sun safety education is 
essential for achieving improvements among children in grades 
2–5. Moreover, results showed that direct education of very young 
children may not be very beneficial.

Evidence suggests that childhood and adolescence are critical 
periods in the etiology of skin cancer. Therefore, there is a strong 
need to develop primary prevention programmes that directly 
target school children. Primary prevention programmes are more 
beneficial and effective in children, not only due to the particular 
importance of sunlight exposure during this period, but because 
this is when individuals are more open to changes and adopt 
new attitude and behaviour. Also, during this period children are 
more receptive to new information (56). Moreover, the systematic 
evaluation of primary prevention programmes is necessary to 
develop a well designed educational programme which motivates 
people to acquire significant knowledge regarding the sun protec-
tion behaviour (57).

The skin cancer primary prevention programme should aim 
at consolidating knowledge and changing behaviour. In addition 
to this, the skin cancer primary prevention programme should 
emphasize the risks of intermittent sunlight exposure and how 
to use different sun protection methods (56). Furthermore, the 
skin cancer primary prevention programme should be run over 
several school years, not just one time, to produce changes in the 
sun safety behaviour (54).

Parents should be targeted to educate their children about sun 
protective skills and promote skin cancer prevention behaviour. 
Health care providers, including general practitioners and early 
childhood nurses, can play a vital role in educating parents about 
the importance to protect their children from excess sun exposure 
and increase their knowledge about skin cancer (52).
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