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Abstract

Aims To study student’s knowledge of the
effects of sunlight on the eyes, as well as their
sun protective behaviours.

Methods In total, 40 students aged 13-18
years were surveyed in South Australia,
during August-September 2004, using a
standardized previously used survey. Scores
were calculated regarding knowledge about
ultraviolet light, sunlight effects on eyes, as
well as eye and body protection. Risk factor
scores were produced for each student. The
data were analysed by the analysis of variance
(ANOVA), as well as the Cochran—-Mantel-
Haenszel methods. Results were compared to
the same survey conducted in 1995 in
Queensland Australia.

Results This group demonstrated a moderate
level of knowledge, similar to the 1995 survey.
Students in the older age groups demonstrated
significantly higher knowledge. The majority
of students (74%) owned a pair of sunglasses;
however, 44.5% almost never wore their
glasses. The reported frequency of wearing
sunglasses was significantly related to
advertising, believing sunglasses protect the
eyes, as well as personal, family, and peer
attitudes towards wearing sunglasses.
Conclusion The results of our survey suggest
no significant change in knowledge and
behaviours of students, compared to the

1995 survey. We feel it is imperative that
adolescents be made more aware of the
damaging effects of sunlight and the benefits
of eye protection. Health promotion
campaigns should target the youth and
consider that as a group, they are significantly
influenced by the media, peers, and family
attitudes.
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Introduction

Appreciable evidence has accumulated to
support the notion that extensive exposure to
near ultraviolet (UV) radiation, and lower
wavelength visible light is a risk factor for
ophthalmic problems. These problems include
pterygium, pinguecula, age-related macular
degeneration, cataracts, ocular surface
squamous neoplasia, and intraocular malignant
melanoma.'™"" UV exposure may also be
involved in the development of ocular
melanoma and macular degeneration.'***
Ocular sun protection practices such as wearing
sunglasses (especially wrap-arounds), wide-
brimmed hats, and avoiding sun exposure
particularly during mid-day hours have been
recommended, in the attempt to minimize
sun-associated ocular damage.

There have been extensive campaigns
promoting bodily sun protection. Although
some of these recommendations apply to
ophthalmic sun protection (eg wearing
wide-brimmed hats and avoiding mid-day sun),
there has been a paucity of directly targeted
ophthalmic sun protection campaigns. Similarly,
several population studies have addressed the
role of skin protection, but research specifically
related to eye protection and knowledge is
scant. Such information would be important in
the formulation of future interventional
strategies aimed at preventing excessive
ophthalmic UV exposure.

As a group, the young are more susceptible to
the cumulative effects of UV exposure on the
skin as well as the eyes."""'>'¢ Also, protective



behaviours are developed during the teenage years and
these behaviours will ultimately carry through into
adulthood. Thus, we feel that high school students are
an important target group, with respect to research into
sun-related ophthalmic behaviours, and the future
implementation of promotional campaigns.

Lee et al'’conducted a study on adolescent ocular sun
protective behaviour and knowledge in Queensland
Australia in 1995. In all, 652 systematically sampled
Grade 10 students, aged between 13 and 17 years, were
surveyed with a standardized questionnaire. Overall,
this group of subjects demonstrated a moderate level of
knowledge with respect to UV, sunlight, and the eyes.
The knowledge of the effects of sunlight and body
protection was higher than the knowledge of the
effects of sunlight and eye protection. This was a
well-conducted study which unfortunately only
studied urban year 10 student’s knowledge and
attitudes. We will base our study on this, with the
permission of the authors.

This study aims to elucidate the knowledge of high
school students in South Australia regarding ophthalmic
effects of sunlight and UV light as well as behaviours
concerning eye and body protection. The preferred type
of sunglasses, the frequency of use, as well as factors that
determine ophthalmic sun protective behaviours are
reviewed. We compare our results with the original
study of 1995 by Lee G et al."”

Materials and methods

The 1995 questionnaire, taken from the study by

Lee et al'” was used, with their permission. The survey
was based on a previous instrument design and on the
Health Belief Model. The following alterations were
made:

(1) One class from each secondary school level (year
8-12) was surveyed in each randomly chosen school
across South Australia, ensuring a good range of age
groups being sampled.

(2) The surveys were administered by teachers and
completed during school time, under exam-like
conditions.

Ethical approval was obtained from the South
Australian Department of Education and the Royal
Adelaide Hospital. The study adhered to the tenants
of Declaration of Helsinki and informed consent was
obtained from students and parents. Schools were
randomly selected in collaboration with the research
department of the South Australian Department of
Education to represent a range of socioeconomic areas,
as well as rural and urban areas.
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Students were surveyed during August-September
2004 compared to October-November 1995 by Lee et al.”
The survey was administered by teachers in each chosen
school during a class session. Each response was given a
score to reflect the relative appropriateness or accuracy of
the response. Four sets of items were looked at, each
measuring a different aspect of student knowledge.
Sections included: knowledge of ‘sunlight effects on the
eye’ — seven items (maximum score = 15); ‘ultraviolet
light” — seven items (maximum score = 15); ‘eye
protection’- five items (maximum score = 15); ‘body
protection’— two items (maximum score =14). The
maximum score possible was 59. Item weightings were
taken from previously published studies.'”®

Several items in the survey were used to measure the
relative risk of an individual’s eyes to UV damage. These
concerned individual phenotypic characteristics, such as
eye, skin, and hair colour, and the amount of recreational
outdoor exposure. The highest risk factor score of 14 was
attributed to an individual with high levels of outdoor
recreation, blue eyes, blond/red hair, and a fair
complexion. This was based on previous studies.''”*
As an example of the weighting, a question asking
whether ultraviolet light affects the eyes, was scores
as follows: yes =2, not sure=1, no=0.

A number of items looked at attitudes toward the use
of sunglasses. Other questions were included to examine
ownership as well as the frequency of use.

The data was analysed by the analysis of variance
(ANOVA), as well as the Cochran—Mantel-Haenszel
methods. To determine whether awareness of the
protective effects of sunglasses influences the price
students are willing to pay for glasses, the Bowker’s
test of symmetry was used. Statistical significance was
defined at the 95% level (P <0.05).

Results

A total of 643 students were surveyed with 640 students
(312 male and 328 female subjects) completing the
survey adequately. Three surveys were not completed.
Comparison of major findings between the current
survey and that conducted by Lee et al is presented in
Table 1. In the current study, 236 (36.9%) students were
aged 13-14 years, 227 (35.5%) aged 15-16 years, and 177
(27.7%) aged 17-18 years. A medium complexion was the
most common skin colour reported with a one-third
reporting a fair complexion. Brown was the eye colour of
233 (36.4%) students and similarly blue was reported by
221 (34.5%). Other eye colours were less common, with
green and hazel each seen in around 14% of pupils
(n=91 and 92, respectively). Less than 1% (n=5) had
grey eyes. Looking at hair colour, about 75% reported
their hair as some shade of brown. A total of 91 (14.2%)
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Table 1 Comparison of major findings from current study to
those by Lee et al'’

Pakrou et al Lee et al

Mean age of respondents 15.0 years 15.1 years
Gender distribution

Male 49% 49%

Female 51% 51%
Recreational environment

Combination of outdoor 56% 59%

and indoor

Mainly outdoor 36% 33%

Mainly indoor 8% 8%
Complexion

Medium 48% 41%

Fair 30% 26%

Dark 3.2% 7%
Mean total knowledge 37.6 37.7

(maximum total 59) (SD=5.1) (SD=5)
Mean risk factor score 10 10

(maximum 14) (range 6-13) (range 4-14)
Aware that sunlight 92% 96%

adversely affects health

of eyes
Belief that young peoples’ 40.6% 47%

eyes are more at risk of
sun damage compared
with that of adults
Belief that young peoples’ 69% 67%
eyes are at least at equal
risk of sun damage
compared to adults

Aware that UV radiation is 66.4% 82%
harmful to the eyes
False belief that sun screen 57% 47%

applied to the face offers
fair to good protection to

the eyes
Ownership of sunglasses 74% 71%
Percentage of students 77% 81%

‘only occasionally’ or
‘almost never’ wearing
sunglasses

Mean age of starting to
wear sunglasses

9.5 years 10.4 years

had blond hair, 55 (8.6%) black, and only 16 (2.5%) red
hair.

Overall, 379 (59%) pupils scored 10 or more on the risk
factor score (maximum 14), for sun exposure. A total of
33 subjects (5%) scored 13 or more. The median risk
factor score was 10 with a range of 6-13.

Knowledge scores

Considering questions on UV effects and the eyes, the
students sampled demonstrated a moderate level of

Eye

knowledge, averaging 8.3 (SD =2.6) from a total of 14.
The mean total knowledge score was 37.6 (SD =5.1) from
a maximum of 59. This compares to a mean score of 37.7
(SD=5) reported by Lee et al.'” There was a significant
difference in the mean total knowledge score by age
group (F=23.37, P =0.0096), skin colour (F=9.84,

P <0.0001), hair colour (F=5.88, P<0.0001) as well as the
total risk factor score (F =4.11, P =0.0027). When these
variables were included together in a model, it was
found that hair colour and skin colour still had a
significant effect on mean total score after adjusting for
age. Using post hoc comparisons for age (after adjusting
for both skin and hair colour), it was found that students
aged 17-18 years had a significantly higher mean total
knowledge score compared to students aged 13, 14, and
15, but not 16 years. There was a trend of increasing score
with increasing age. This was different to the study by
Lee et al'” in that the mean total knowledge score
decreased with increasing age. Looking at skin colour
with post hoc comparisons (adjusting for age and hair
colour), students with dark skin showed a significantly
lower mean total knowledge score compared to those
with fair, medium or olive skin. There was however

no consistent pattern with regard to hair colour and
knowledge score.

Analyzing age and risk factor revealed that both these
variables are still significant when adjusting for one
another. Post hoc comparisons (adjusting for risk factor
score) once again showed that students aged 17-18 years
have a significantly higher mean total knowledge score
compared to students aged 13, 14, and 15 years, but not
16 years. Looking at risk factor scores and adjusting for
age, it was found that as risk factor increases, there is no
consistent pattern in the mean total knowledge score.

There was no difference in the mean total knowledge
score by gender (F=0.29, P=0.59), eye colour (F =1.06,
p=0.3736) or main recreational activity environment
(F=1.51, P=0.2223).

Components of knowledge questions

uv light

Only 387 students (60.4%) were aware that UV radiation
was from the sun. A similar number (n =400, 62.5%)
believed that UV is not visible, and a slightly larger
number (n =425, 66.4%) were aware that UV radiation
is harmful to the eyes.

Eye protection

A total of 580 (91%) students believed that broad-
brimmed hats provide fair to good protection for the
eyes. More than half of the students (1 =366, 57%),
however, wrongly believed that sun screen applied to the
face offers fair to good protection. Almost all students



(n=621, 97%) agreed that sunglasses offer fair to good
protection.

Use of sunglasses

The majority of students (n =476, 74%) owned a pair of
sunglasses; however, 285 students (44.5%) almost never
wore their glasses. A further 208 (32.5%) stated that they
only occasionally wear their sunglasses. From the

455 students who stated the age they began wearing
sunglasses, the mean age was 9.5 years (SD=3.8), and
the median 10 years (range 1-18 years). Close to half

(n =312, 49%) preferred plastic lenses, while 177 (28%)
preferred glass lenses. The majority preferred regular
(n =350, 55%) as opposed to wrap-around lenses
(n=121, 19%). Black lenses were the most popular
(n=189, 30%), followed by mirror (n =131, 20%) and
blue (1 =110, 17%).

The advertising of sunglasses in various forms
of media appears to have a significant affect on the
frequency of wearing sunglasses. With the exception
of advertising in newspapers, awareness of sunglasses
advertisements on television, radio, and magazines
significantly affects the frequency of wearing sunglasses
(Table 2).

Students were asked how much they are willing to
spend on sunglasses. They were again asked how much
they are willing to spend on sunglasses knowing that
they can prevent sun-related eye disorders. Our results
were significant (S =250.4358, P <0.0001), showing that
students appear to spend at least the same amount or
more on sunglasses if they consider the protective
advantages of sunglasses.

Personal and family attitudes

Personal attitudes, as well as the attitudes of peers and
family members regarding sunglasses, were significantly
associated with the frequency of wearing sunglasses by
students. Believing sunglasses to be cool significantly
affected the frequency of using sunglasses

(CMH =36.5000, P<0.001), as did believing that
sunglasses protect from eye disease (CMH =10.9787,

P =0.0041), and that they should be part of the school
uniform (CMH =28.5350, p<0.0001). Lee et al'’ found
similar results.

Students appear to be affected by the attitude of family
members, with a significant association between
frequency of wearing sunglasses and whether a student’s
father (CMH = 18.5038, P <0.0001), mother
(CMH =20.9291, P<00001), sister (CMH = 27.1220,

P <0.0001) or brother (CMH =12.1846, p =0.0005) also
wear sunglasses. This was also shown by Lee et al.'” The
frequency of peers wearing sunglasses also significantly

Sun protective behaviours -
N Pakrou et a/

811

influences the frequency of wearing sunglasses by
students (CMH = 64.0637, P <0.0001). Interestingly,
there was no significant association between whether
parents of students wanted the students to wear
glasses, and their actual frequency of using sunglasses
(CMH =3.4265, P =0.1803). A significant association was
reported by Lee et al."”

Discussion

Australia is a country that receives high levels of

UV radiation given its geographical location and its
predominantly sunny weather. Also, it is a country in
which a large proportion of the population are frequently
involved in outdoor activities and hence exposed to
significant levels of UV radiation. In general, over the last
two decades, the number of Australians treated for sun-
related skin cancers has doubled, with a greater than
one-third increase since 1995.*° There have been various
media and educational campaigns aimed at informing
and raising awareness of the sun’s damage to the skin.
There has however been much less emphasis on the
damaging effects of sun exposure on the eyes. It is
important that the young are made fully aware of the
damaging effects of UV radiation on the eyes, as
behaviours established early in life would be more likely
to carry through into adult years. It is also thought that
the eyes are more at risk from UV light damage in this
group."

In 1995, Lee G et al'” conducted a survey looking at the
knowledge of sunlight effects on the eyes and protective
behaviours in adolescents. The baseline characteristics
of our subjects were very similar to the study by Lee
et al,'” except that in our study there was a more even
distribution of students within each age group. In the
original study, 88% of students were aged between
15 and 16 years.

Our study showed that more than half of the students
wrongly believed that wearing sun-screen offers ‘good’
or ‘fair’ protection to the eyes, an increase of 10% percent
compared to the survey conducted in 1995 (Table 1). This
is of concern given that the majority of students surveyed
stated spending a considerable, if not the majority of
their recreational time outdoors.

The total knowledge score in our survey was almost
exactly the same as the score of the students surveyed in
1995' (Table 1). This is a little worrying as it appears that
the increased efforts by various bodies over the past
decade, aimed at increasing awareness in the youth, has
not resulted in a significant increases in knowledge.

A survey of 2985 South Australian adolescents in 1999
found that this group was generally well aware of the
association between UV radiation and skin cancer, with
little variation across year levels.”' With regard to sun
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Table 2 Frequency of use of sunglasses with respect to demographic, phenotypic, and recreational exposure variables, awareness
of advertisements, and mean total knowledge scores (SD)

Sunglasses worn while outdoors

Almost always (47)

Usually (100)

Occasionally (208)

Almost never (285)

Significance

Sex
Male (312)
Female (328)

Age group
13 (115)
14 (121)
15 (111)
16 (116)
17 (108)
18 (69)

Skin colour
Fair (192)
Medium (307)
Olive (120)
Dark (21)

Eye colour
Blue (221)
Green (91)
Grey (5)
Brown (233)
Hazel (90)

Hair colour
Blond (91)
Light brown (171)
Medium brown (160
Dark brown (147)
Black (55)
Red (16)

Awareness of sunglasses advertisement

Television

Yes

No
Radio

Yes

No
Newspaper

Yes

No

Magazine
Yes
No

Main recreational environment
Outdoors (232)
Indoors (52)
Both (356)

Mean knowledge
Score (SD)
Sunlight
uv
Eye protection
Body protection
Total score
Risk factor score

21 (6.7)
26 (7.9)

4 (3.5)
2(1.7)
7 (6.3)
8 (6.9)
16 (14.8)
10 (14.5)

17 (8.9)
26 (8.5)
4 (3.3)
0 (0.0

17 .(7.7)
4(4.4)
0 (0.0

14 (6.0)

12 (13.3)

7(7.7)
12 (7.0)
15 (9.4)
12 8.2)

0 (0.0

1(6.3)

34 (7.2)
13 (8.1)

19 (9.7)
28 (6.3)

20 (6.5)
27 (8.2)

33 (6.7)
14 (9.8)

27 (11.6)
1(1.9)
19 (5.3)

11.6 (1.8)
10.0 (2.2)
8.6 (3.0)
9.3 (22)
39.5 (4.9)
10.3 (1.4)

49 (15.7)
51 (15.6)

13 (11.3)
19 (15.7)
24 (21.6)
18 (15.5)
16 (14.8)
10 (14.5)

33 (17.2)

44 (14.3)

23 (19.2)
0 (0.0)

53 (24.0)
9 (9.9)
0 (0.0

29 (12.5)
9 (10.0)

18 (19.8)
31 (18.1)
20 (12.5)
22 (15.0)
50.1)
4 (25.0)

82 (17.3)
16 (9.9)

39 (19.9)
61 (13.7)

57 (18.4)
43 (13.0)

86 (17.4)
14 (9.8)

42 (18.1)
9(17.3)
49 (13.8)

11.0 2.2)
9.5 (2.1
82 (2.4)
9.0 (2.2)

37.7 (5.2)

10.3 (1.7)

77 (24.7)
131 (39.9)

42 (36.5)
52 (43.0)
28 (25.2)
33 (28.5)
28 (25.9)
25 (36.2)

55 (28.7)
103 (33.6)
43 (35.8)
7 (33.3)

49 (22.2)
44 (484)

2 (40.0)
86 (36.9)
27 (30.0)

33 (36.3)
52 (30.4)
43 (26.9)
54 (36.7)
22 (40.0)

4 (25.0)

164 (34.5)
42 (26.1)

58 (29.6)
150 (33.8)

109 (35.2)
99 (30.0)

181 (36.6)
27 (18.9)

51 (22.0)
11 (21.2)
146 (41.0)

10.6 (2.2)
9.2 (2.1)
8.5(2.7)
9.6 (2.2)

379 (5.2)
9.6 (1.8)

165 (52.9)
120 (35.6)

56 (48.7)
48 (38.7)
52 (46.9)
57 (49.1)
48 (44.4)
24 (34.8)

87 (45.3)
134 (43.7)
50 (41.7)
14 (66.7)

102 (46.2)
34 (37.4)
3 (60.0)
104 (44.6)
42 (46.7)

33 (36.3)
76 (44.4)
82 (51.3)
59 (40.1)
28 (50.9)

7 (43.8)

195 (41.1)
90 (55.9)

80 (40.8)
205 (46.2)

124 (40.0)
161 (48.8)

195 (39.4)
88 (61.5)

112 (48.3)
31 (59.6)
142 (39.9)

10.2 (2.4)
9.2(22)
8.1 (2.6)
9.6 (2.2)

37.1 (5.1)
9.9 (1.6)

P=0.0123
CMH =6.2676

P =0.0495
CMH =11.0971

P=0.0700
CMH=7.0619

P=0.4170
CMH =3.9198

P=0.1646
CMH =7.8511

P=0.0173
CMH =5.6672

P =0.0227
CMH =5.1894

P= 0.1491
CMH =2.0819

P =0.0083
CMH =6.9759

P =0.0834
CMH =4.9676

(ANOVA)
P<0.0001, F=7.18
P=0.0574, F=2.51
P=0.3032, F=1.22
P=0.1540, F=1.76
P=0.0140, F=3.56
P=0.0048, F=4.35

CMH = Cochran-Mantel-Haenszel, row percentages (%) in brackets.
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protective behaviours, this study reported significant
differences between the sexes, reporting close to 50% of
male students and 30% of female students rarely or never
wearing sunglasses. Similarly, our results demonstrate
that males appear to wear sunglasses much less
frequently. It may be that more focus needs to be placed
on educating males, as often young males may have the
false belief that they are ‘tougher” and less likely to be at
risk. Our study showed no significant difference between
male and female students when considering knowledge
about sun protection and UV.

Considering the significant amount of sun exposure
and related diseases in Australia, the fact that only 60.4%
of students are aware that UV radiation if from the sun is
cause for concern. Furthermore in our study, only two-
thirds of students were aware that UV is harmful to the
eyes, considerably lower than that reported by Lee et al."”
This may be that there is more focus and education on
sun damage in this state of Queensland, given that states
predominant sunny weather year-round

We found that students aged 17-18 years had a
significantly higher knowledge score compared to those
aged 13 years through to 15 years of age. There was
no difference between other age groups. The study by
Lee et al’” found that knowledge score decreased with
increasing age. However, only 4% of their students were
aged 17 years and only 17% aged 16 years. Our study had
comparable numbers in all age categories. It can be
reasonable to expect that those aged 17-18 years would
have a better knowledge compared to those a few years
younger. Our results showed a trend of increasing
knowledge score with increasing age.

Our survey showed students with dark skin to have
a significantly lower mean total knowledge score
compared to people with fair, medium or olive skin. It
may be that these students are aware that they are at less
risk of sun-related diseases, and hence are less likely to
educate themselves on the topic. We were unable to
demonstrate that those at highest risk (highest risk factor
scores) were more likely to have a higher knowledge
score.

As might be expected, advertising appears to influence
the frequency of wearing sunglasses. It seems that those
who have been exposed to advertisements on the
television, radio, and magazines appear to be more likely
to wear sunglasses. It will be useful to use the media to
raise the awareness of the protective benefits of wearing
sunglasses. Attempts can be made to use positive images
of other youth wearing sunglasses, as both believing that
sunglasses are ‘cool’ and the frequency of peers wearing
sunglasses are significantly associated with how
frequently students wear sunglasses. Efforts should
also be made to emphasize that the price or colour of
sunglasses does not necessarily imply better protection
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for the eyes, as even clear plastic alone can absorb about
95% of ultraviolet B light.'%*

Parents should be encouraged to lead by example by
wearing sunglasses, as the frequency of students wearing
sunglasses is significantly influenced by whether their
parents wear sunglasses. As might have been predicted,
students were not influenced by whether their parents
insist they wear sunglasses. Our survey found that the
majority of students do own a pair of sunglasses
(Table 1). Despite this however, a majority wore their
sunglasses either occasionally or almost never. Therefore,
some of the influencing factors mentioned above should
be utilized in campaigns to help increase the actual
wearing of sunglasses.

The limitations of this study include the fact that only
public schools were surveyed and hence students who
are likely to be of higher socioeconomic status were
not included. Furthermore, only school students were
surveyed and hence adolescents no longer in the
schooling system were also excluded. Studies in the
future can aim at gathering data from both private
and public sectors in order to present a sample more
representative of the adolescent population.

Adolescents are a group, which although may appear
resistant to various messages targeted at them by adults,
are influenced greatly by what they see, and what they
consider to be acceptable among their peers. Although
conducted in a different state to the original survey,
our study suggests that despite increasing sun-related
disorders, there appears to be no apparent increase
in knowledge or sun protective behaviours in the
adolescent group over the past decade. Students spend
a significant amount of their time in the school
environment. Hence, schools should increasingly aim to
emphasize the potential damage caused by exposure to
sunlight and incorporate these messages in various
aspects of their curriculum. They should also encourage
parents to lead by example, perhaps by highlighting the
issue in regular school newsletters. Informative and
attractive advertisement campaigns can help to create
a positive image of sunglasses and sun protective
behaviours. Younger students in primary school may in
fact be easier targets as they are usually less resistant to
advice and instructions from adults. Once sun protective
behaviours are established in earlier years, they would be
much more likely to persist into adulthood.
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