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ORIGINAL ARTICLE

Changes in the pattern of sun exposure and sun

jAnnika Smith, MBBS,a’bﬁim(me Harrison, PhD,ax\"IZldt‘lt‘,iﬂC Nowak, PhD,aLPCII‘Z{ Buettner, PhD,?
and Robert MacLennan, FRACP**
Townsville, St Leonards, and Herston, Australia

Background: Australia has one of the highest rates of skin cancer globally. Lifetime risk is associated with
childhood sun exposure.

Objective: We sought to investigate whether skin cancer prevention programs have resulted in
improvements in sun-exposure and sun-protection behavior among young children in tropical Australia.

Methods: Two cohorts of 12-to 35-month-old children from Townsville, Australia, were compared: cohort
1 was recruited from hospital birth records (1991) and cohort 2 was recruited via local child-care centers
(1999-2002). Children’s phenotypic characteristics were assessed. Parents completed questionnaires
detailing children’s demographic characteristics, and sun-exposure and sun-protective practices.

Results: Although eshert2-of 1-year-old children spent more time in the sun than cohort 1 (median 2.2 vs
2.8 h/d; P = .002), a higher proportion almost always wore sunscreen and a swim-shirt year round.
Although more 1-year-old children in cohort 2 had experienced a sunburn (35.5% vs 51.2%; P = .007), both
cohort 2 age groups experienced fewer hours of sun exposure to the back of the trunk (7 <.001), were less
likely to have been sunburned on the back/shoulders (age 1 year 34.8% vs 10.1% and age 2 years 52% vs
10.1%; P < .001), and acquired fewer melanocytic nevi at these sites (P < .001).

Limitations: There was potential for socially desirable responses (information bias).
Conclusion: Although duration of sun exposure in early childhood did not decrease during an 8-year

period, reported use of personal sun protection did. The observed increase in popularity of swim-shirts and
sunscreen between cohorts coincided with the development of significantly fewer melanocytic nevi in

these children. (J Am Acad Dermatol 10.1016/j.jaad.2012.10.057.)

Key words: early childhood; melanocytic nevi; skin cancer prevention; sun exposure; sun protection;

sunburn; trends over time; tropical Australia.

ueensland, Australia, has one of the highest
rates of skin cancer' with melanoma inci-
dence continuing to increase.” The risks of
developing melanoma and melanocytic nevi (MN),

the strongest risk factor for melanoma,” are directly
linked to high levels of sun exposure in early child-
hood.*® Evaluation of prevention campaigns sug-
gests sun-protective behaviors have improved’™ but
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2 Smith et al

it is uncertain whether this will translate into a
reduction in melanoma incidence.

National Skin Cancer Prevention goals for
Australia target children and adolescents for primary
prevention'’ and align with those of the World
Health Organization'" to minimize sun damage and
foster lifelong sun-protective behaviors.'” These are
best achieved through multi-
faceted skin cancer
programs’ advocating use of
shade, sunscreen, hats, and
clothing, and sun avoidance
at peak ultraviolet (UV) radi-
ation times,”'* some of

which are underused, partic- « Although sun exposure in early study
childhood did not decrease over an 8-
year period in Townsville, Australia,
reported sun-protective practices

ularly in childhood.'""?

MN, the precursor lesions
of up to 60% of melanomas, **

CAPSULE SUMMARY

» The risk of developing melanoma and
melanocytic nevi is linked to high levels
of sun exposure in early childhood.

J AM ACAD DERMATOL
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Caucasian (at least 3 grandparents of European
origin), with parents who intended to remain in the
study area and provided written consent. Cohort
1 included 201 children (n = 95 age 1 year [12-23
months] and n = 106 age 2 years [24-35 months]).
The second cohort was recruited via 26 local
child-care centers in Townsville, Australia, between
1999 and 2002. In all, 25
(96.2%) child-care centers
participated. Center directors
provided enrollment lists
(first name, date of birth,
and attendance pattern of
children age <3 vyears). A
information sheet,
questionnaire, and consent
form were sent to parents of
eligible children via child-

are the most important improved and children developed care centers. The inclusion
biomarker for melanoma.* "> significantly fewer melanocytic nevi. criteria for cohort 2 were the
Children raised in « Maintaining the focus on reducing sun same as for cohort 1 plus

Queensland, Australia, de-
velop MN earlier and in
higher numbers than chil-
dren raised elsewhere.>'®!
As nevus development is re-
lated to sun exposure during
ChﬂdhOOd,s’m MN offer a short-term measure of the
efficacy of sun protection thereby facilitating objec-
tive assessment of skin cancer prevention
programs.*?

Few studies have evaluated trends in childhood
sun protection using modifiable biomarkers such as
MN." We assessed changes in sun-safety practices
during a period of more than 8 years to inform

current and future skin cancer prevention activities.

METHODS

Sun-protective practices of 2 cohorts of 12-to 35-
month-old children from Townsville, Australia, were
compared more than years apart: in 1991 and in 1999
through 2002. Townsville (latitude 19°16’S) in North
Queensland, Australia, has a dry, tropical climate and
high levels of ambient solar UV radiation throughout
the year.'®

Recruitment

The first cohort was recruited in 1991 from hos-
pital birth records of the 2 main maternity hospitals in
Townsville, Australia. A letter and questionnaire
were sent to mothers, inviting them to participate.
Cohort 1 included all children younger than 3 years
from the original article.” This subset was selected to
match the approximate age of cohort 2. There were
201 children who fulfilled the inclusion criteria:

exposure and increasing sun protection
in infants and young children is
important, particularly in regions of high
ultraviolet radiation.

regular attendance at a par-
ticipating child-care center
between November 1999
and July 2002. Cohort 2 in-
cluded 463 children aged 12
to 35 months (n = 394 age
1 year [12-23 months] and n = 69 age 2 years [24-35
months]). Cohort 2 formed the baseline group for a
randomized controlled intervention trial to deter-
mine whether the development of MN in early
childhood can be prevented or delayed by using
sun-protective clothing. 13

Demographics

Age (months), sex, place of birth, and time spent
in the tropics were determined from birth and child-
care  records and  parent  questionnaires.
Socioeconomic status of the child’s suburb was
classified using the Socioeconomic Indexes for
Areas (3 levels)." Parents’ education levels were
determined from questionnaires, and ethnicity was
assessed according to the number of the child’s
Caucasian grandparents.

Clinical examination (phenotype and MN)
Hair and eye color were recorded by reference to
standard charts as described previously” and catego-
rized for analysis following the method of Kelly etal.'”
Skin reflectance of the inner upper aspect of the arm
was determined using a reflectance spectrophotom-
eter (Colormet 3.1, Newfoundland, Canada, at 680 nm
[cohort 1]; Evans Electroselenium Ltd, model 99;
Diffusion Systems Ltd, London, United Kingdom at
685 nm [cohort 2]) for melanin discrimination and
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then categorized as fair/medium/olive based on pre-
viously defined cutpoints.”’ Freckling was recorded
as present or absent. Baseline spectrophotometer
measurements were missing for 56 children in cohort
2 because of instrument repairs. Subjective assess-
ment of skin color was assigned to these children (53
fair, 3 medium).

At baseline full-body examinations for MN of all
sizes (30 body sites excluding the buttocks, genitals,
and scalp) were conducted using a standard inter-
national protocol.”! The presence or absence of MN,
body site distribution (back of trunk), and mean
number of MN were recorded by one of the authors
(S. H.), after training by dermatologists in the recog-
nition of MN.

Questionnaires

Participants’ parents completed a comprehensive
baseline questionnaire covering the child’s demo-
graphic and pigmentary characteristics, sunburn
history, and sun-exposure and sun-protective prac-
tices throughout the year. Habitual sun exposure was
determined using charts where parents marked on a
line divided into hourly intervals, the time their child
usually spent outside in the sun between 6 am and 7
pM. Information about the hours spent outside on
typical weekdays and weekend days and the fre-
quency of sun exposure at locations such as the
beach and pool were collected along with “playing
outside in the sun during the warmer months of the
year” (classified according to UV index of
Townsville, Australia). Sunburn history was assessed
according to frequency and nature of sunburn “red-
ness without peeling,” “redness with peeling,” and
“pain and blistering.” Parents were asked to mark the
site of sunburn on a body-site diagram from which
the frequency of sunburn on the back and shoulders
was derived.

The variable “sun-protective practice” was de-
rived from scores for frequency of sunscreen and
swim-shirt use in the summer and winter months
(never = 0, less than half the time = 1, half the
time = 2, more than half the time = 3, almost
always = 4) recorded by parents in both summer
and winter months. Data relating to frequency of hat
use in the summer and winter months were only
recorded for cohort 2.

Both studies were approved by James Cook
University Human Ethics Committee and written
consent was provided by parents/guardians of
participants.

Statistical analysis
Numeric variables with a skewed distribution
were described using median values and

Smith et al 3

interquartile ranges; approximately normally distrib-
uted numeric variables were described using means
and SD. Bivariate analysis of demographic factors,
skin phenotypic factors, and sun-exposure and sun-
protective practice analysis used standard statistical
tests (x* test, ¢ test, nonparametric Mann-Whitney,
and Kruskal-Wallis tests as appropriate).

Multivariate linear regression analyses were used
to assess the effect of the 2 cohorts on: (1) the
average number of hours spent outside in the sun on
a typical day in the previous year; and (2) the total
number of MN. Both outcome measures were
skewed and were log-transformed to meet the nor-
mality assumptions of the model. Both multivariate
analyses included the following characteristics:
cohort (1991 or 1999), gender, age in months,
socioeconomic index of advantage according to
Australian Bureau of Statistics'® (categorized as
low, medium, high), ethnicity (Caucasian or not),
level of parental education (neither, one, or both
parents tertiary qualified), born in the tropics, hair
color (black/brown, fair/blond, red), eye color
(brown/black, hazel, blue/green), measurement of
skin reflectance (olive, medium, fair), propensity to
burn (tends to burn, does not tend to burn), and
tanning ability (deep, moderate, slight, never). Four
characteristics (ethnicity n = 31; skin reflectance
n = 49; propensity to burn n = 107; tanning ability
n = 68) had 5% or more missing values. For those
characteristics, separate missing categories were
created and the model adjusted accordingly.

Statistical analysis was conducted using software
(SPSS for Windows, Release 18, IBM Corp, Armonk,
NY). All significance tests were 2-sided at the .05
level. A P value of less than .05 was considered
significant a priori.

RESULTS
Description of participating children

Of the 201 children in cohort 1, 51.6% of 1-year-
olds (mean age 18.8 = 3 months) and 49.1% of
2-year-olds (mean age 29.6 * 4.1 months) were boys
(Table I). Of the 463 children in cohort 2, 54.6% of
1-year-olds (mean age 16.9 = 3.4 months) and 50.7%
of 2-year-olds (mean age 27 = 2.9 months) were boys
(Table D. Children in both cohorts were predomi-
nantly Caucasian, born in the tropics, and from
higher socioeconomic groups. More children in co-
hort 2 had fair skin, whereas children in cohort 1 were
more likely to develop a moderate tan (Table D).

Sun exposure

The median number of hours spent in the sun on a
typical day was higher in cohort 2 although this did
not reach significance among the 2-year-olds
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Table 1. Demographic and pigmentary characteristics of 2 cohorts of young children of same age recruited
more than 8 years apart in tropical Australia

Q12

Risk factor

Age 1y (12-23 mo)

Age 2-y (24-35 mo)

Cohort 1

(1991) N = 95 (1999-2002) N = 394 value

Cohort 2

P Cohort 1

Cohort 2

P

(1991) N = 106 (1999-2002) N = 69 value

Demographic characteristics

Mean age, mo (=SD)

Median age, mo (IQR)

Boys

Girls

SES of residence

Children living in low SES suburb

Children living in medium SES suburb

Children living in high SES suburb

Ethnicity

Caucasian (=3 European grandparents)

Non-Caucasian (=2 Non-European
grandparents)

Combined education level of parents

Neither parent tertiary qualified

One tertiary-educated parent

Two tertiary-educated parents

@en born in temperate zone
en born in tropics

¥

18.8 (3.0)
19 (17-22)
49 (51.6%)
46 (48.4%)

10 (10.6%)
83 (83.3%)
1 (1.1%)

93 (97.9%)
2 (2.1%)

59 (62.1%)
25 (26.3%)
11 (11.6%)
0 (0%)
95 (100%)

Maan (%SD) duration living in tropics, mo 18.8 (3.0)

an duration living in tropics, mo (IQR)

Pigmentary characteristics

Hair color

Black

Brown

Blonde/fair

Red

Eye color

Brown/black

Hazel

Blue

Green

Inner upper aspect of arm reflectance
categories

Olive/dark (<64%)

Medium (64%-66.9%)

Fair (=67%)

Freckling

Absent

Present

Propensity to sunburn

Rarely/never burns

Tends to burn

Tanning ability

Deep tan

Moderate tan

Slight/light/minimal tan

Never develops a tan

19 (17-22)

0 (0%)
14 (14.7%)
78 (82.1%)

3 (3.2%)

18 (18.9%)

14 (14.7%)

63 (66.3%)
0 (0%)

14 (15.1%)
11 (11.8%)
68 (73.1%)

83 (87.4%)
12 (12.6%)

2 (3.7%)
52 (96.3%)

4 (4.3%)
53 (56.4%)
10 (10.6%)
27 (28.7%)

16.9 (3.4)

16.8 (14-20)
215 (54.6%)
179 (45.4%)

115 (29.3%)
216 (55.0%)
62 (15.8%)

347 (88.1%)
47 (11.9%)

232 (61.6%)
93 (24.7%)
51 (13.6%)
40 (10.2%)

354 (89.8%)

15.8 (4.7)
16 (13-19)

1 (0.3%)
95 (24.1%)
271 (68.8%)
27 (6.9%)

112 (28.4%)
36 (9.1%)
245 (62.2%)
1 (0.3%)

3 (0.8%)
14 (3.9%)
340 (95.2%)

376 (95.4%)
18 (4.6%)

71 (19.2%)
298 (80.8%)

16 (4.7%)

72 (21.1%)
210 (61.4%)

44 (12.9%)

001t

.0005* 29.

063"

1228

00051

.0005* 296 @.1)

0 (25-33.25)
6 2 (49.1%)

4 (50.9%)

00051 14 (13.2%)

92 (86.8%)
0 (0%)

004" 103 (97.2%)

3 (2.8%)

8597 71 (67%)

22
13

20.8%)

12.3%)

0%)

100%)
1

(
(

0 (
106 (
6(
0 (

0005t 8 (7.8%)

003t 77 (72.6%)

0057 10 (14.1%)

25-33.25)

27 (2.9)

27 (25-29)
35 (50.7%)
34 (49.3%)

20 (29.0%)
35 (50.7%)
14 (20.3%)

64 (92.8%)
5 (7.2%)

45 (67.2%)
13 (19.4%)

9 (13.4%)
10 (14.5%)
59 (85.5%)

25.4 (5.9)

26 (24-29)

0 (0%)
19 (27.5%)
49 (71.0%)

1 (1.4%)

14 (20.3%)
6 (8.7%)
45 (65.2%)
4 (5.8%)

0 (0%)
2 (3.2%)
60 (96.8%)

61 (88.4%)
8 (11.6%)

13 (20.6%)
50 (79.4%)

2 (3.6%)

9 (16.4%)
37 (67.3%)

7 (12.7%)

.0005*

8291

.0005%

266"

972t

.0005°

.0005*

941°

036"

018

013F

316°

.0005°

IQR, Interquartile range; SES, socioeconomic status.

*Nonparametric Mann-Whitney test.
tPearson x? test.

*SES of suburb was based on Socioeconomic Indexes for Areas indicators-(Australian Bureau of Statistics 1996),

SFisher exact test.
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Table II. Changes in sun exposure habits of young children of same age in 2 cohorts recruited more than 8

years apart in tropical Australia

Age 1y (12-23 mo)

Age 2y (24-35 mo)

Cohort 1

Cohort 2

Cohort 1

Cohort 2

(1991) N =95 (1999-2002) N = 394 Pvalue (1991) N = 106 (1999-2002) N = 69 P value

Sun exposure of children while playing outside

How often child plays outside in sun

Rarely/never 6 (6.3%) 31 (7.9%) .061* 3 (2.8%) 7 (10.1%) 0471
1-2 times/mo 3 (3.2%) 18 (4.6%) 2 (1.9%) 1 (1.4%)
3-4 times/mo 0 (0%) 20 (5.1%) 0 (0%) 2 (2.9%)
1-2 times/wk 8 (8.4%) 57 (14.5%) 14 (13.2%) 3 (4.3%)
3-4 times/wk 24 (25.3%) 69 (17.6%) 25 (23.6%) 14 (20.3%)
Almost every day 54 (56.8%) 198 (50.4%) 62 (58.5%) 42 (60.9%)
No. of hours spent outside in sun on
typical day in previous year
Mean (=SD) 24 (1.7) 3.1 (2.0) 002¥ 27 (1.7) 3.2 (21) .082%
Median (IQR) 2.2 (0.9-3.6) 2.78 (1.6-4.3) 2.3 (1.5-3.8) 3 (1.7-4.6)
Outdoor swimming and related aquatic activities
How often does child swim at outdoor
pool?
Rarely/never 0 (42.1%) 9 (25.2%) .0005* 38 (35.8%) 15 (21.7%) .03*
1-2 times/mo 4 (25.3%) 1 (18.1%) 32 (30.2%) 10 (14.5%)
1-2 times/wk 4 (14.7%) 124 (31.6%) 22 (20.8%) 31 (44.9%)
3-4 times/wk 2 (12.6%) 2 (13.2%) 8 (7.5%) 9 (13.0%)
Almost every day 5 (5.3%) 7 (12.0%) 6 (5.7%) 4 (5.8%)
How often does child go to beach?
Rarely/never 65 (68.4%) 161 (41.0%) 00057 60 (56.6%) 7 (24.6%) .0005%
1-2 times/mo 22 (23.2%) 29 (32.8%) 42 (39.6%) 30 (43.5%)
1-2 times/wk 7 (7.4%) 95 (24.2%) 3 (2.8%) 22 (31.9%)
3-4 times/wk 1 (1.1%) 6 (1.5%) 0 (0%) 0 (0%)
Almost every day 0 (0%) 2 (0.5%) 1 (0.9%) 0 (0%)
Median total No. of hours spent 42 (8-144.1) 72 (10.6-200) .039% 60 (12-146) 77 (30-196)  .253%
playing in water in warmer half of
year (IQR)
Median total No. of hours spent 9 (0-43.2) 0 (0-0) .0005F 9 (0-52.9) 0 (0-0) .0005°
playing in water with back exposed
during warmer half of year (IQR)
Sunburn
Ever been sunburned
No 60 (64.5%) 191 (48.8%) .007* 49 (47.6%) 30 (44.1%) .657*
Yes 33 (35.5%) 200 (51.2%) 54 (52.4%) 38 (55.9%)
Experienced sunburn causing
“redness without peeling”
Never 63 (66.3%) 196 (49.9%) o021t 51 (48.1%) 30 (43.5%) 915t
Once-twice only 26 (27.4%) 170 (43.3%) 42 (39.6%) 31 (44.9%)
1-2 times/y 5 (5.3%) 8 (4.6%) 10 (9.4%) 6 (8.7%)
=3 times/y 1(1.1%) 9 (2.3%) 3 (2.8%) 2 (2.9%)
Experienced at least 1 sunburn that
“burned with peeling”
No 91 (95.8%) 372 (94.7%) 799t 101 (96.2%) 68 (98.6%) 6491
Yes 4 (4.2%) 1 (5.3%) 4 (3.8%) 1 (1.4%)
Experienced at least 1 sunburn that
was, “‘very painful with blistering”
No 95 (100%) 389 (99.0%) 1.0t 105 (100%) 69 (100%) 1.0t
Yes 0 (0%) 4 (1.0%) 0 (0%) 0 (0%)
Continued
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Age 1y (12-23 mo)

Age 2y (24-35 mo)

Cohort 1

Cohort 2

Cohort 1 Cohort 2

(1991) N = 95 (1999-2002) N = 394 Pvalue (1991) N = 106 (1999-2002) N = 69 P value

Ever sunburned on back or shoulders?

No 60 (65.2%) 354 (89.9%) .0005* 49 (48.0%) 62 (89.9%) .0005*
Yes 32 (34.8%) 40 (10.1%) 53 (52.0%) 7 (10.1%)

Acquired MN

Acquired MN on back of trunk

No 56 (60.2%) 334 (84.8 %) .0005* 26 (25.2%) 42 (60.9%) .0005*
Yes 37 (39.8%) 60 (15.2%) 77 (74.8%) 27 (39.1%)

No. of MN on back of trunk

Mean (*=SD) 0.62 (1.0) 0.21 (0.6) .0005% 2.45 (3.4) 0.67 (1.3) .00057
Median (IQR) 0 (0-1) 0 (0-0) 2 (0-3) 0 (0-1)

Range 0-7 0-6 0-23 0-9

Acquired any MN on body

No 6 (6.3%) 72 (18.3%) .004* 0 (0%) 5 (7.2%) .009F
Yes 89 (93.7%) 322 (81.7%) 106 (100%) 64 (92.8%)

IQR, Interquartile range; MN, melanocytic nevi.
*Pearson y? test.

TFisher exact test.

1[Nonparametric Mann-Whitney test.
$Kruskal-Wallis test.

(Table ID. The median number of hours spent play-
ing in the water in the warmer months was higher in
cohort 2 although this did not reach significance in
the 2-year-olds (Table ID. A higher proportion of
children in cohort 2 went to the beach (P <.001) and
swam in outdoor pools (P = .03) (Table ID. “Playing
in water with back exposed during warmer half of
year” was more frequent among the children in
cohort 1 (both P <.001) (Table ID.

By the time they were 2 years old, more than half
the children had been sunburned (52.4% in 1991;
55.9% in 1999) (Table II) although there was a higher
percentage of 1-year-olds in cohort 2 (51.2%) than in
cohort 1 (35.5%) with a recorded sunburn (P = .007)
(Table ID. A lower proportion of children in cohort 2
had ever been sunburned on the back or shoulders
(both P < .001), acquired MN on the back of trunk
(both P <.00D), or acquired any MN on their bodies
(P < .0D) (Table ID.

Multivariate analysis confirmed that children in
cohort 2 had spent, on average, more hours outside
in the sun on a typical day in the previous year than
children in cohort 1 (regression coefficient 0.17; 95%
confidence interval 0.04-0.30; P = .014; log-
transformed outcome) when adjusted for all poten-
tial confounders.

Sun-protection measures

Although fewer than half the children almost
always used sunscreen when outdoors during
summer, this was higher among cohort 2 (1-year-

olds, 23.4% vs 48.1%, P < .001; 2-year-olds, 20.0% vs

43.3%, P = .001) (Table II). Overall the use of [T3]

sunscreen during the winter months was lower
than in summer, and although a higher proportion
of children in cohort 2 used this sun-protective
measure in winter, the difference between cohorts
was not significant among the 2-year-olds (Table IID.
Significantly more children in cohort 2 almost always
wore protective swimwear (a shirt or Lycra suit that
protects the trunk) while swimming outdoors (both
seasons P < .001) (Table III). A Lycra cover-up suit
was worn when swimming outdoors by 65.9% of 1-
year-olds and 69.6% of 2-year-olds in cohort 2; these

data were not available for cohort 1 (Table IV). Hat [T4]

use data were only collected for cohort 2; a legion-
naires hat was the most common hat type worn
outdoors (1-year-olds, 44.9%; 2-year-olds, 54.4%).
Furthermore, 63.8% of 1-year-olds and 73.5% of 2-
year-olds almost always wore a hat when outdoors
during summer whereas 53.5% of 1-year-olds and
60.3% of 2-year-olds did so during winter (Table IV).

Multivariate analysis confirmed that children in
cohort 2 had, on average, acquired fewer MN than
children in cohort 1 (regression coefficient —0.62;
95% confidence interval —0.80 to —0.44; P < .001;
log-transformed outcome) when adjusted for all
potential confounders.

DISCUSSION
The major findings from this study were that the
sun-protective measures undertaken appeared to
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Table III. Changes in sun-protective practices in children of same age in 2 cohorts recruited more than 8 years

apart in tropical Australia

Age 1y (12-23 mo)

Age 2y (24-35 mo)

Cohort 1

Cohort 2 P Cohort 1 Cohort 2 P

(1991) N = 95 (1999-2002) N = 394 value* (1991) N = 106 (1999-2002) N = 69 value*

Use of sun protection

Summer sunscreen use

Children who almost always wear sunscreen
outdoors during summer

Children who wear sunscreen less often

Winter sunscreen use

Children who almost always wear sunscreen
outdoors during winter

Children who wear sunscreen less often

Summer swim-shirt use

Wears shirt or Lycra suit that protects trunk

while swimming outdoors during summer

Rarely/never
Sometimes
Almost always

Winter swim-shirt use

Wears shirt or Lycra suit that protects trunk if

swims outdoors during winter

Rarely/never
Sometimes
Almost always

22 (23.4%)
72 (76.6%)
16 (16.8%)

79 (83.2%)

15 (18.8%)
24 (30.0%)
41 (51.3%)

11 (19.3%)
16 (28.1%)
30 (52.6%)

188 (48.1%)  .0005 21 (20.0%) 29 (43.3%)  .001

203 (51.9%) 84 (80.0%) 38 (56.7%)

110 (28.3%) .023 17 (16.3%) 18 (26.9%)  .096

279 (71.7%) 87 (83.7%) 49 (73.1%)

92 (23.7%)  .0005 23 (23.2%)
29 (7.5%)
268 (68.9%)

12 (17.6%)  .0005
31 (31.3%) 3 (4.4%)
45 (45.5%) 53 (77.9%)

73 (27.5%) .001 23 (28.8%) 7 (17.1%)  .001
26 (9.8%) 22 (27.5%) 2 (4.9%)
166 (62.6%) 35 (43.8%) 32 (78.0%)

*Pearson y° test.

improve over the study decade, even though time
spent in the sun did not decrease. Children in cohort
2 spent more time in the sun on a typical day and
playing in water in the warmer months than those in
cohort 1. A higher proportion went to the beach and
swam in outdoor pools, although children in cohort
1 were more likely to play in water with their backs
exposed during the warmer months. By age 2 years,
more than half the children in this extreme UV
radiation environment®* had already been sun-
burned, although a smaller proportion of children
in cohort 2 had been sunburned on the back of the
trunk or acquired MN.

Although overall sunburn rates did not decrease,
the increased popularity of sun-protective swimwear,
protecting the torso, reduced the frequency of sun-
burn on the back of the trunk, and may explain why
children in cohort 2 developed fewer MN at this body
site. The reduction of this biomarker is promising
given MN are the key risk markers for melanoma
development.® The only other publication reporting a
reduction in MN prevalence with increased sun pro-
tection involved 7-year-old Swedish children.*
Overall, there was no reduction in sun exposure
over the study decade, despite skin cancer prevention
campaigns. Although more children in cohort 2 swam
outdoors and went to the beach, most almost always

wore swim-shirts, and therefore spent less time play-
ing in water with their back exposed. This suggests
that some sun-safe messages are being heeded,
although it may be at the cost of increased time spent
in the sun, highlighting the importance of emphasiz-
ing the multifaceted nature of effective sun protection.
Other studies among infants and toddlers have
yielded similar findings.'” For example, in a survey of
participants aged 0 to 45 months from southeast
Queensland, Australia, a third had been sunburned
by age 11 months and 82% had been burned by age
45 months.”* Fewer children in our study experi-
enced sunburn, possibly because of: the younger age
of our cohorts; different definitions of sunburn; or
the difference in geographic location (19°S vs 26°S).
A literature review found sunscreen was the most
frequently used sun-protection method in chil-
dren." In the study reported here, hats and protec-
tive swimwear were worn more often than
sunscreen. Children aged 1 to 3 years attending child
care in Brisbane, Australia (27°S), in 2000 reportedly
wore hats more often than children in this study.?” In
contrast, more children in cohort 2 wore legionnaire,
or wide-brimmed hats than children attending child-
care centers across Queensland, Australia, in 2002.%°
Sun exposure is associated with nevus develop-
ment,”” a key determinant of melanoma risk.>'*

FLA 5.1.0 DTD m YMJD8518_proof m 17 November 2012 m 1:01 pm

716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770


pumn
Inserted Text
s


771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825

8 Smith et al

J AM ACAD DERMATOL
m 2012

Table IV. Sun-protective measures used by young children recruited in 1999 through 2002 (cohort 2) in tropical

Australia

Age 1y, Age 2y,
Usual type of head covering worn outdoors
Nothing Not available for 6 (4.1%) Not available for 2 (2.9%)
Cap cohort 1 (1999) 2 (18.3%) cohort 1 (1999) 8 (11.8%)
Wide-brimmed hat 129 (32.7%) 21 (30.9%)
Legionnaires hat 177 (44.9%) 37 (54.4%)
Hat wearing: frequency during summer
Never wears hat in summer Not available for 16 (4.1%) Not available for 2 (2.9%)
Wears hat less than half time cohort 1 (1999) 21 (5.4%) cohort 1 (1999) 1 (1.5%)
Wears hat about half time 44 (11.2%) 5(11.2%)
Wears hat more than half time 61 (15.6%) 10 (14.7%)
Almost always 250 (63.8%) 50 (73.5%)
Hat wearing: frequency during winter
Never wears hat in winter Not available for 3 (5.9%) Not available for 4 (5.9%)
Wears hat less than half time cohort 1 (1999) 4 (11.3%) cohort 1 (1999) 6 (8.8%)
Wears hat about half time 7 (17.1%) 9 (13.2%)
Wears hat more than half time 8 (12.3%) 8 (11.8%)
Almost always 209 (53.5%) 41 (60.3%)

Hat-wearing score

Mean (SD) Not available for 14.5 (7.5) Not available for 16.4 (6.9)
Median (IQR) cohort 1 (1999) 16 (8-24) cohort 1 (1999) 16 (12-24)
Range 0-24 0-24
Usual swimwear worn

Nothing (naked) Not available for 5 (1.3%) Not available for 2 (2.9%)
Underpants cohort 1 (1999) 15 (3.8%) cohort 1 (1999) 3 (4.3%)
Shorts only 4 (1.0%) 0 (0%)
Shorts and shirt 5 (8.9%) 8 (11.6%)
2-Piece swimsuit (bikini) only 3 (5.9%) 2 (2.9%)
Full-piece swimsuit only 4 (11.2%) 5 (7.2%)
Full-piece swimsuit/briefs and shirt 7 (1.8%) 0 (0%)
Lycra cover-up suit 259 (65.9%) 48 (69.6%)

IQR, Interquartile range.

Thus it is particularly relevant that fewer children in
cohort 2 than cohort 1 developed MN on the back of
the trunk, especially as children raised in Townsville,
Australia, develop more MN earlier in life than
children raised elsewhere.”!°

These data suggest increased sun protection
alone (less direct sun exposure) may have slowed
MN development without reducing time spent
outdoors. The ability to modify the rate of acqui-
sition of MN by sun protection has previously been
reported. Sunscreen reduced MN development in
1 study,”® had no effect in another,” and was
associated with higher nevus counts in others.**!
Wearing sun-protective swimwear has also been
shown to be a factor in the prevention of MN %33
whereas legionnaire, hats have been associated
with lower nevus counts and hat use in general
has been associated with fewer MN on the head
and neck.”

Study limitations include the possibility of infor-
mation bias in questionnaire data as parents may

have altered their responses to overreport sun pro-
tection to reflect socially desirable behavior.**
However, nondifferential bias would have resulted
in underestimation rather than overestimation of
differences between cohorts. Recruitment of the 2
cohorts differed: cohort 1 was recruited from birth
records whereas cohort 2 was recruited from child-

care centers. However, nowadays mest Australian e

children attend some formal child care. Comparison
of the 2 cohorts showed few differences, but children
from child-care centers may have been subjected to
better sun-protection practices where an established
sun-safe policy was in place. It has previously been
shown that child-care centers with written sun-
protection policies provide better sun protection
for young children in their care.”® The results of
this study cannot be generalized to any other group
or to the Australian population.

Early childhood is a vulnerable period, not only
biologically but also behaviorally, as infants and young
children are incapable of deciding about or
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implementing sun-protection measures.”” Thus it is
important to encourage parents and supervisors to
provide sun protection by reinforcing their knowl-
edge? and modifying their health-related attitudes
and beliefs about sun safety, to lay the foundations for
the future sun-safe behavior of the children in their
care.®

The results of this study suggest the need for a
change of approach and continued momentum in
public health campaigns, particularly encouraging
the use of sun-protective clothing. Assessing the
trend in sun-protective practices over time provides
some direction for future skin cancer prevention.
This study has identified the importance of main-
taining the focus of such programs on children.
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