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Australia and New Zealand have the highest 
incidence of all sun-related skin cancers in 
the world.1,2,3 This incidence increases with 
proximity to the equator, leaving residents 
of Darwin at high risk.4,5 UV radiation 
remains one of the strongest modifiable 
risk factors associated with skin cancers, as 
such, campaigns promoting sun protection 
have been widely adopted.3 Despite this, a 
previous survey conducted by Whiteman 
et al. in 1994 found further education is still 
required among the fair-skinned population 
in the Northern Territory (NT).6 

Darwin has a predominantly Caucasian 
population, with 14% identifying as non-
Caucasian and 8.7% identifying as Aboriginal 
and/ or Torres Strait Islander (ATSI).7 We 
conducted a study to determine if changes 
in sun protection practices have occurred 
over the past 22 years in a predominantly fair-
skinned population exposed to high levels of 
ultra-violet radiation. 

This study was designed to replicate one 
conducted by Whiteman and colleagues 
and investigate changes in sun protection 
practices in Darwin. Once ethics approval was 
obtained, a cross-sectional survey of people 
attending two weekend markets in Darwin 
was undertaken. Each market occupied 
an outdoor site and was made up of stalls 
selling food, produce and locally made crafts. 
Seating was available near food stalls with 
shade offered by outdoor umbrellas and 
under the cover of storefronts and trees. 

Interviews for the survey were conducted 
between August and September 2016 
during three weekends of the ‘dry season’. 

The average UV index during the opening 
hours of the markets ranged between 4 to 
7.3, which is considered moderate to high. 
Periods of extremely high UV index (>11) 
were also recorded on these weekends.8 
A stall at each market was designated at 
random as the starting place and attendees 
were approached at random by one of two 
interviewees, as per Whiteman et al.’s original 
study. Participants were excluded if they did 
not speak English or were under the age of 18 
and did not have a consenting adult present. 
People of all racial groups were included, but 
data pertaining ATSI participants were not 
analysed in this study. 

Demographic information obtained included 
age, sex, place of birth, ethnicity, Fitzpatrick 
skin type, level of education, history of 
skin cancer and duration in Darwin. Sun 
protection measures were determined by 
clothing worn, use of sunscreen, sunglasses 
and choice of head covering. 

A total of 137 market attendees were 
included in the study between August and 
September 2016. Median age was 34 years 
(range 1 to 81) and 60 (44%) participants 
were male. A total of 96 (70%) were residents 
of the Northern Territory (NT), of which 50 
(37%) were long-term (more than 5 years), 
26 (21%) were medium-term (between one 
to five years) and 20 (26%) were short-term 
residents (less than one year). While 75% were 
born in Australia, only 16 (12%) participants 

were born in the Northern Territory. Of those 
sampled, more than 70% were Caucasian. 
Fitzpatrick skin type was recorded in 131 
participants; 23 were recorded as type I, 
79 as type II, 15 as type III, 13 as type IV 
and one as type V skin. The education level 
of participants was high with 66 (48%) 
completing some form of higher education. 
Two-sample Z-test and Fisher’s exact test was 
used to analyse the data.

The use of sunscreen among all market 
attendees has increased 14% since 1994 
(93%CI 0.03-0.25, p=0.01), see Table 1. The use 
of sunscreen among NT residents had also 
increased from 13% to 28% (p=0.03). Sites of 
sunscreen use were not uniform, but the face 
was the most common location of application 
(98%). Only 10 individuals wore sunscreen 
on all sun-exposed sites. When asked why 
sunscreen was not used, reasons cited 
included oily consistency, fear of chemicals, 
minimal sun exposure expected, dark skin 
type and not part of daily routine. Long-term 
NT residents were the least compliant with 
sunscreen, a finding that has not changed 
between studies. 

Twenty-seven attendees reported having a 
previous history of skin cancer; 22% of these 
had used sunscreen on the day of interview, 
compared to 33% of those with no history 
of skin cancer. There was no association 
between prior skin cancer history and 
sunscreen use (p=0.27) or shade seeking 

Table1: Use of sun-protection 
Sun protection 
method

All responders  
N=137

NT residents 
N=96

Non NT 
residents 

N=41

Non- ATSI 
N=126

Whiteman 
data all 

responders 
N=105

Whiteman 
data NT 

residents 
N=83

Sunscreen 42 (31%) 27 (28%) 15 (37%) 39 (31%) 18 (17%) 13 (16%)
Hat/Cap 54 (39%) 40(42%) 14 (34%) 49 (39%) 29 (28%) 21 (25%)
Sunglasses 83 (60%) 54 (56%) 29 (71%) 76 (60%) - -
Protective clothing 
 Trunk
 Bare 1 (1%) 0 1 (<1%) 1 (<1%) 2 (12%) 2 (2%)
 Partial coverage 22 (16%) 16 (17%) 6 (15%) 19 (15%) 32 (31%) 26 (31%)
 Complete coverage 114 (83%) 80 (83%) 34 (83%) 106 (84%) 71 (68%) 55 (66%)
Arms
 Bare 51 (37%) 34 (35%) 17 (41%) 45 (36%) 34 (32%) 28 (34%)
 Short sleeve 72 (53%) 50 (52%) 22 (54%) 69 (55%) 68 (65%) 53 (64%)
 Long sleeve 14 (11%) 12 (13%) 2 (5%) 12 (9%) 3 (3%) 2 (2%)
Legs
 Bare 2 (2%) 1 (1%) 1 (2%) 2 (2%)
 Up to knees 98 (72%) 63 (66%) 35 (85%) 93 (74%) 94 (90%) 76 (92%)
 Below knees 17 (12%) 15 (16%) 2 (5%) 15 (12%)
 Up to ankles 20 (15%) 17 (18%) 3 (7%) 16 (13%) 11 (11%) 7 (8%)
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(p=0.56). In this study, higher rates of skin 
cancers were seen among those with type II 
skin (27%) followed by type III (20%) and type 
I (8%). There was no difference in sunscreen 
use or shade seeking between skin types. 

The use of protective long-sleeved clothing 
has improved with increased prevalence of 
trunk coverage (p=0.006) and use of long-
sleeved shirts. The prevalence of long pants 
(p=0.4) and hats remained unchanged. In 
the present study, there was no significant 
difference in long-sleeved clothing use 
between NT and non-NT residents. 

There was no statistical significance amongst 
Non-NT residents (76%) and NT residents 
(89%) seeking shade (p=0.05).

This study demonstrates that the use of 
sunscreen and protective clothing among 
Darwin Market attendees has improved 
over the past 22 years. In April 2016, all 
Northern Territory schools were mandated 
to implement a Sun Safety policy.9 In 
comparison, 71% of all Victorian primary 
schools were accredited as sun smart 
schools by December 2000.10 This recent 
implementation in Darwin may see even 
further uptake of sun protection practices 
among residents in the future as children 
adopt sun safe practices and implement them 
as adults. The reasons mentioned for lack of 
sunscreen could be made targets for further 
health education. 

Since the last study, there have been 
significant environmental changes to the 
markets. Rapid Creek markets have installed 
thicker shade for patrons seated outdoors. 
Similarly, Parap markets have erected 
awnings and covered pathways for market 
attendees. The availability of shade provides 
an additional source of sun protection that 
was previously unavailable, highlighting the 
importance of environmental support in skin 
cancer prevention. 

While there has been an increased prevalence 
of long-sleeved clothing since 1994, it is 
unlikely this practice will change dramatically 
in the foreseeable future in an environment 
that is both hot and humid. Thus, focusing on 
the promotion of sunscreen, hat, sunglasses 
and shade seeking behaviours remains a 
crucial point in education in a population 
exposed to high ambient UV radiation.

Limitations of this study include sampling 
bias, which precludes generalisation of 
results.

Our study demonstrated that the use of 
sunscreen has increased among non-
Aboriginal market attendees. However, 
campaigns to address misconceptions 
regarding sunscreen are required. 
Unfortunately, long-term residents remain 
the group requiring most education.
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