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Clear front-of-pack labelling information can
improve sunscreen reapplication knowledge
and intentions: findings from an online
experiment

Anna Nicholson'?, A. Haynes'?, E. Brennan'?, C. Maitland"* and H. Dixon '

Abstract

Background Most people do not apply sunscreen effectively. The Australian and New Zealand standard for
sunscreen specifies labels must provide clear and adequate directions for use but does not prescribe specific
wording or positioning. Additionally, water-resistant sunscreens must declare the duration of laboratory-tested water
resistance, up to 4 h maximum. Formative research found consumers are confused by reapplication directions and
water resistance claims. This study aimed to explore whether enhanced sunscreen labelling information can improve
sunscreen reapplication.

Methods Adult sunscreen users (n=3,363) were randomised to view one of ten mock sunscreen labelsina 2x5
online experiment. Labels differed according to front-of-pack (FOP) water resistance claim (standard: tested for 4 h
water resistance vs. alternative: water resistant) and reapplication information (none vs. any; with four message
variations: simple text, simple icon, extended text, extended icon). We used multivariate logistic regression to examine
the effect of FOP labelling on knowledge and intention to reapply sunscreen every 2 h and after swimming, sweating
and towel drying (henceforth: activity), considering: (i) water resistance and reapplication information and (ii)
reapplication message type.

Results Compared to no information, FOP reapplication information increased knowledge (48% vs. 70%) and
intention to reapply within 2 h (41% vs. 54%), but not after activity. Compared to the standard claim, the alternative
water resistant claim increased knowledge (60% vs. 72%) and intention to reapply within 2 h (47% vs. 56%), but not
after activity. Although there was no clear pattern of effects for reapplication message type, only the extended icon
(with directions to reapply every 2 h or after activity) increased knowledge to reapply after activity, irrespective of the
water resistance claim (52% standard and 57% alternative).

Conclusions Under the current standard, sunscreen labels do not provide clear directions for use, which leaves
consumers vulnerable to UV damage. Mandating FOP reapplication directions and adopting an alternative ‘water
resistant’claim could improve consumer understanding of how often to reapply sunscreen. Due to common
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misperceptions about the limits of water resistance, further user-centred label design and public education is needed
to improve reapplication after swimming, sweating and towel drying.

Keywords Skin cancer prevention, Sun protection, Sunscreen, Labelling, Visual design, Labelling regulation, Product

claims, Health communication, Experiment

Background

Daily sunscreen use can reduce the risk of squamous cell
carcinoma (one of the most common skin cancers) and
melanoma (the deadliest type of skin cancer) [1-3]. This
is particularly important in Australia, where skin cancer
rates are among the highest globally [4]. Although mela-
noma rates are declining among younger Australians,
including those with high-risk ancestry, they continue
to rise in some older age groups [5]. Health expenditure
on melanoma and non-melanoma skin cancers doubled
in Australia in the decade to 2022-23 [6], in part due to
expensive new treatments for advanced melanoma, and
the economic cost will continue to rise due to projected
increases in melanoma diagnoses [4, 7]. The human toll
is also significant, with skin cancers responsible for more
than 2,000 deaths every year in Australia [8].

National survey data collected over late spring and
summer months shows that just under two in five Austra-
lians used sunscreen with a sun protection factor ( SPF)
30 or higher on most days of the past month [9]. How-
ever, 7% were sunburnt in the previous week, increasing
to 15% among younger people aged 15 to 24 years [9].
Inadequate sunscreen application, such as missing a spot
or failing to reapply sunscreen, is one of the most com-
monly attributed causes of sunburn (27%), second only
to prolonged sun exposure and failing to use any form of
sun protection (37% and 33%, respectively) [10]. Rates of
sunburn are high among sunscreen users; a phenomenon
known as the sunscreen paradox [11, 12]. This is hypoth-
esised to occur because sunscreen use is highest among
high-risk populations, who are vulnerable to UV dam-
age, and also in high-risk situations, such as prolonged
or intentional sun exposure [13]. It is also possible that
ineffective sunscreen application may contribute to the
sunscreen paradox. To prevent UV damage, it is essential
that consumers clearly understand how to use sunscreens
effectively.

To deliver the labelled SPF, sunscreen must be applied
generously (2 mg/cm?) and evenly across all areas of
exposed skin [2, 14, 15]. In Australia, a consensus state-
ment from cancer organisations, dermatologists, and
other experts states that sunscreen should be reapplied
every 2 h during prolonged outdoor activities, or more
frequently after swimming, sweating, and towel drying
(henceforth: activity) [16]. Sunscreen reapplication helps
to compensate for areas of the skin that were missed
in the initial application, or where coverage has been
compromised during day-to-day activities [2, 17]. The

recommendation to reapply sunscreen every 2 hours is
also disseminated by cancer societies in Canada and the
US [18, 19].

Most people do not apply sunscreen adequately [14,
20]. Experimental research shows that, on average, peo-
ple apply less than half of the recommended thickness
required to achieve the promoted sun protection factor
[21, 22]. Further to insufficient quantity, a cross-sectional
survey conducted in 20 countries found that only 1 in 6
adults in Australia, Canada and the US reapply sunscreen
every 2 h when outdoors, which was slightly lower than
the average (16% vs. 24%) [23]. Adherence to this recom-
mendation is similarly low among people who are at high
risk of skin cancer [24].

Ineffective sunscreen practices may stem from inade-
quate or unclear directions for use. In Australia, primary
sunscreens (that claim UV protection as their main func-
tion) are therapeutic products for which product testing,
labelling and advertising must adhere to the Australian/
New Zealand (AUS/NZ) Standard, which is enforced by
the Therapeutic Goods Administration. The standard
mandates clear and adequate directions for use, bans
terms like waterproof and sweatproof, and specifies that
water-resistant sunscreens must stipulate the time for
which they have been tested to be water resistant, up to a
maximum of 4 h [15]. Importantly though, the length of
time for which a sunscreen has been tested to be water
resistant (i.e., ‘up to 4 ) is a laboratory-based test result
that does not indicate the length of time for which sun-
screen provides the stated level of UV protection in real-
world conditions, where physical activity and friction can
compromise the sunscreen layer and subsequent protec-
tion; hence the recommendation to reapply every 2 h and
after activity [16].

The AUS/NZ Standard does not specify the size or
positioning of labelling information, or what information
should be included on the front of pack (FOP). Instead,
manufacturers may choose where to place directions for
use, with most opting to include information about reap-
plication on the back of pack label. Consequently, there
is variation in the placement and visibility of the water
resistance claim and reapplication information on sun-
screen products, coupled with the possibility that con-
sumers who do see both pieces of information could
perceive a conflict between the differing time inter-
vals (e.g. reapply every 2 h, up to 4 h water resistant).
Together, these factors could be compromising consumer
comprehension of effective sunscreen reapplication.
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Informed by formative qualitative research with Aus-
tralian adult sunscreen users [25], we hypothesise that
sunscreen consumers are mistakenly interpreting the
statement ‘4 hours water resistance’ (i.e., the maximum
claim for water resistance testing) as a direction about
when to reapply that sunscreen. Our formative research
also found that sunscreen users may fail to reapply water-
resistant sunscreens after activity due to a mistaken belief
these products retain their stated protection during and
following water-based activities [25]. The study identified
a desire for key directions for use to be conveyed on FOP
labels, using specific and measurable terms, and depicted
using icons to boost attention [25].

Although few studies have tested the extent to which
FOP sunscreen labelling information influence sunscreen
application practices, emerging evidence in this area
shows promise. An experimental study conducted among
French adults demonstrated that an explanation of the
protection provided by products of different sun protec-
tion factors led to reduced sunburn [26]. Additionally,
research found that GIF-based visual aids could assist US
consumers to understand how much sunscreen to apply
[27].

The broad aim of this study was to test responses to the
current AUS/NZ sunscreen labelling standard, as well as
potential alternatives, to determine what label specifica-
tions are most effective to communicate reapplication
directions to people who use sunscreens. Specifically, this
study tested how sunscreen reapplication directions and
water resistance claims influence knowledge and inten-
tion to reapply sunscreen according to the labelled direc-
tions. Using an online experiment, we sought to compare
the responses of participants who viewed label designs
that systematically varied how the following FOP infor-
mation was displayed:

+ Water resistance claim: the standard time-qualified
claim (e.g. tested for 4 h water resistance) versus a
simple alternative claim (‘water resistant’).

+ Reapplication information: positioning on the
FOP versus back label only; changing the message
type (icon versus text format, simple vs. extended
content).

This design enabled us to address the following research
questions:

1. What are the unique and combined effects of
FOP water resistance claims and reapplication
information on sunscreen reapplication knowledge
and intentions?

2. If FOP reapplication information is found to improve
sunscreen reapplication knowledge and intentions:
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a. what message type is most effective to improve
sunscreen reapplication outcomes?

b. does the water resistance claim (standard vs.
alternative) modify the effect of message type on
sunscreen reapplication outcomes?

We hypothesized that sunscreen reapplication outcomes
would be improved by both the alternative ‘water resis-
tant’ claim and FOP reapplication directions (RQ1). We
also expected that reapplication outcomes would be
improved by messages that used an icon format to com-
municate reapplication directions (compared with text
format), and the extended reapplication content that
specified both time and activities that require reapplica-
tion (compared to a simple time-only direction) (RQ2).

We also tested for potential unintended effects of
the sunscreen labelling manipulation, as it is impor-
tant that any potential changes to these features do not
inadvertently introduce or exacerbate false beliefs about
the sunscreen’s properties, including that it is water-
proof, sweatproof, or long lasting (secondary outcomes).
Accordingly, we also explored the impact of label features
on false beliefs, but did not form explicit hypotheses for
these secondary outcomes.

Methods

Study design

The study had a 2x5 between-subjects experimental
design (see Fig. 1). An online survey was used to con-
duct the experiment and collect all data within a single
session.

Participants

Participants were recruited through a market research
panel between 22nd January and 5th February 2024. The
study aimed to recruit a sample of N=3,000 Australian
adults who use sunscreen at least sometimes when out-
doors in summer.

The sample size was informed by power calculations
that determined, accounting for the 2x5 experimental
design, we would need a sample size of 1,194 to achieve
80% power to detect a small effect (0.1) at an alpha level
of 0.05. Accordingly, a sample of 2,985 would be required
for subgroup analyses by education level (40% incidence
rate).

Quota-based sampling methods were used so that the
sample was representative according to national quotas
for gender, age group, jurisdiction (state or territory of
residence), remoteness, and highest level of education.

Labelling intervention

Participants were randomised to one of ten mock sun-
screen labels that combined one of two water resistance
conditions (standard ‘tested for 4 hours water resistance’
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Fig. 1 Labelling conditions used in the experimental study design. Current practice for Australian sunscreen labelling is represented by the combination
of the standard water resistance claim (‘tested for 4 hours water resistance’), consistent with the AUS/NZ standard, and no FOP reapplication information,
which reflects market norms. Packs with FOP reapplication information typically feature a simple text message (reapply every 2 h). These message com-
binations have been used as the reference categories for RQ1 and RQ2, respectively

claim vs. alternative ‘water resistant’ claim) with one of
five reapplication information conditions (no informa-
tion, simple text, simple icon, extended text, extended
icon) on the FOP. Simple text and icon messages con-
tained directions about how often to reapply (‘every 2
hours’), whereas the extended text and icon messages
contained directions about the time as well as activities
that prompt reapplication. Due to space restrictions, the
direction to ‘reapply after swimming, sweating and towel
drying’ was abbreviated to ‘reapply after activity’ in the
extended text condition, whereas the extended icon spec-
ified each of these activities (see Fig. 1).

The mock labels were free of any branding. All FOP
labels stated that the sunscreen provided broad-spec-
trum UVA-UVB protection with a sun protection factor
(SPF) of 50+. The back label, which included ingredients
and detailed instructions for use, was identical for each
of the ten conditions. Apart from the manipulated condi-
tions, other label features and information adhered to the
relevant standard (AS/NZS 2604) [15]. A copy of all label
designs is included in Supplementary File 1.

Data collection
Eligible participants who agreed to take part in the study
completed a short online survey (median completion

time: 10 min). Participants were exposed to their ran-
domly allocated mock sunscreen label mid-way through
the survey, after completing demographic and baseline
questions about their typical sun protection and sun-
screen use behaviours. After viewing the FOP and back
labels, participants were asked about their understanding
of the product features, how to apply that product, and
how they would be likely to use that product in different
scenarios. To retain the focus on comprehension (and not
recall), participants were able to click on a thumbnail to
view and enlarge the image of the FOP and back labels
whilst responding to questions and could revisit the
images as many times as needed.

Outcome measures

The primary outcome measures included two dichoto-
mous knowledge items (correct vs. incorrect) and two
dichotomous intention items (yes vs. no).

Knowledge about effective reapplication i.e. As the label
directs

Due to our interest in time and activities that prompt
sunscreen reapplication, knowledge about effective reap-
plication was broken into two components. Knowledge
to reapply sunscreen every 2 h was derived from correct
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identification of 2 h in response to a question about
‘the LONGEST amount of time that should be allowed
between reapplications of THIS SUNSCREEN for it to be
effective’ Other responses (less than an hour, 1 h, 3 h, 4
h, 5 h, 6 h and don’t know) were categorised as incorrect
(only 2.8% responded don’t know).

Knowledge to reapply after activity was derived from
correct identification of ‘after swimming or towel dry-
ing’ and ‘after sweating’ from a multi-response question
about ‘situations where THIS SUNSCREEN should be
applied MORE OFTEN’ Participants who selected both
these responses were considered to have responded
correctly.

Intention to reapply sunscreen as directed

Intention to reapply sunscreen in a manner that is con-
sistent with labelling information was also broken into
two components. Participants were asked to imagine that
they took that specific sunscreen to three activities that
required them to be out in the sun for extended periods
in summer. They were then presented with three sce-
narios, asked for each scenario: “What is the LONGEST
amount of time you would allow between reapplications?
Response options were presented in a list that was identi-
cal for each scenario (less than an hour, 1 h, 2 h, 3 h, 4 h,
5h, 6 h, prefer not to say). Those who selected any dura-
tion less than 2 h to all three scenarios were categorised
as intending to reapply the sunscreen within 2 h or less
(henceforth: within 2 h), as directed.

Intention to reapply sunscreen after activity was
derived from selection of ‘after swimming and towel dry-
ing’ and ‘after sweating’ in response to the multi-response
question ‘Are there any situations where YOU would
apply this sunscreen MORE OFTEN? Participants who
selected both these responses were considered to intend
to reapply after activity.

Secondary outcomes: false beliefs

False beliefs were derived from responses to the multi-
response question ‘What features does THIS SUN-
SCREEN have?, for which participants were asked to
select from a list that included actual and false product
attributes. The responses ‘waterproof, ‘sweatproof’ and
‘long-lasting’” were categorised as false beliefs, as these
inaccurate attributes did not reflect the information on
the label. In contrast, ‘broad-spectrum UVA/UVB pro-
tection; ‘very high UV protection (SPF 50+); and ‘tested
for 4-hrs water resistance’ were accurate attributes that
reflected information provided on the label. These analy-
ses examined the proportion who believed the product to
be waterproof, sweatproof and long-lasting, but not the
proportion who identified each real attribute.
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Statistical analysis

All analyses were multivariable logistic regressions con-
ducted using Stata V16.1. As a first step, we tested effects
of the ten label conditions on each outcome, adjusting for
covariates. Outcomes for which there was no significant
effect (p <0.05) were not analysed further.

RQ1 focuses on the impact of placing reapplication
information on the FOP along with water resistance
information. To approach this, we compared outcomes
between two groups of conditions: one group comprised
all conditions that included a FOP reapplication message
(irrespective of the reapplication message content and
format), and the second comprised conditions that did
not include FOP reapplication information (see Supple-
mentary File 2). Multivariable logistic regression models
were used to determine the main and combined effects
for (i) reapplication information (none vs. any), and (ii)
the water resistance claim (standard vs. alternative).

To address RQ2, which focuses on the best perform-
ing reapplication message type, we restricted the sample
to those exposed to any FOP reapplication message (i.e.,
8 of 10 label conditions; see Supplementary File 2). We
assessed main and combined effects of (i) reapplication
message content (simple vs. extended) and (ii) reap-
plication message format (text vs. icon). Analyses were
stratified by water resistance condition to determine the
best-performing reapplication message type under the
current standard (i.e., combined with ‘tested 4 hours
water resistance’) and under the alternative scenario
(‘water resistant’).

Covariates

Potential covariates were informed by the skin cancer
prevention literature and included age group, gender,
geography (jurisdiction and rurality), highest level of
education, main language spoken at home, parental sta-
tus, skin type, history of sunburn and skin cancer, and
baseline sun protection behaviours, including frequency
of sunscreen use and routine (daily) sunscreen use [20,
28, 29]. Baseline behavioural data, which was collected
prior to the labelling intervention, also included how
sunscreen is typically applied and the factors that prompt
reapplication.

Covariates were selected for inclusion in the multi-
variable models where they: (i) differed between experi-
mental groups, and (ii) were associated with at least one
of the four primary outcome measures on chi-squared
tests of association. Covariates were selected based on a
p-value cut-off point of 0.25 to both tests [30].

Sensitivity analyses

To assess for socio-economic differences in our findings,
we conducted sensitivity analyses that limited the sample
to those with an education level equivalent to Year 12 or
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below (both research questions) and those who speak a
language other than English at home (RQ1 only, due to
the insufficient sample size to proceed with RQ2).

False beliefs did not vary between experimental groups
(and therefore did not meet the criteria for inclusion as
covariates in all analyses). However, to explore the asso-
ciation between false beliefs and primary outcomes to
aid the interpretation of results, a sensitivity analysis was
conducted assessing the overall effect of experimental
condition on primary outcomes when additionally con-
trolling for false beliefs.

Results

Participants

The final sample (n = 3,363) was broadly representative of
the Australian population according to key demograph-
ics. As the study excluded people who never or rarely use
sunscreen, the sample consequently contained a lower
proportion of people whose skin does not burn after 30
min of exposure to strong sunshine (42% nationally vs.
21% in study) [9].

Participant characteristics are summarised in Table 1.
Age group, highest level of education, preference for a
tan, frequency of incidental sunscreen use, and baseline
sunscreen reapplication behaviours (whether usually
prompted to reapply: after a certain time; and according
to the label) all met the criteria for inclusion as covariates
in multivariable logistic regression analyses. Other char-
acteristics were more evenly distributed across the ten
experimental conditions.

Overall effect of label exposure

There were significant between-label differences for all
four primary outcomes and two of the three false beliefs
(see Supplementary File 3). The false belief long-lasting’
did not differ by labelling condition and was therefore
not analysed further. Findings were consistent in sensitiv-
ity analyses that additionally adjusted for false beliefs. In
these analyses, believing the product was waterproof was
associated with knowledge to reapply the product every
2 hours (p=0.046) and negatively associated with knowl-
edge and intention to reapply after activity (p=0.002;
p<0.001, respectively). Perceiving the product to be
sweatproof was negatively associated with knowledge to
reapply every 2 hours (chi®=23.1, p<0.00) but was not
associated with any other main outcome.

Effects of FOP reapplication information and water
resistance claims (RQ1)

The main and combined effects of FOP reapplication
information and water resistance claims are summarised
in Table 2. Compared to packs with no FOP reapplica-
tion information, any FOP reapplication information
increased knowledge to reapply every 2 h (48% vs. 70%)

Page 6 of 13

and intention to reapply within 2 h (41% vs. 54%). Simi-
larly, compared to the standard claim ‘tested for 4 hours
water resistance, the alternative claim (‘water resistant’)
increased knowledge to reapply every 2 h (60% vs 72%)
and intention to reapply within 2 h (47% vs 56%). Figure 2
demonstrates that these effects were not dependent upon
the presence of the other and were additive: that is, when
combined, the two message elements increased knowl-
edge to reapply every 2 h to 76%, and intention to reapply
within 2 h to 58% (Fig. 2).

The pattern of effects differed for knowledge and inten-
tion to reapply the sunscreen after activity. The presence
of any type of FOP reapplication information did not
affect knowledge or intention to reapply after activity.
However, compared to the standard claim, the alterna-
tive ‘water resistant’ claim slightly increased knowledge
to reapply after activity (43% vs. 45%) (Table 2). Simi-
larly, compared to packs with the standard claim ‘tested
for 4 hours water resistance, packs with the alternative
‘water resistant’ claim increased misperceptions that the
sunscreen was waterproof (41% vs. 54%). Additionally,
the inclusion of any reapplication information slightly
increased the misperception that the sunscreen was
sweatproof (19% vs. 20%).

Most effective FOP reapplication message type (RQ2)

The main and combined effects of reapplication mes-
sage content and format are summarised in Table 3, with
results stratified for the standard ‘tested for 4 hours water
resistance’ and alternative ‘water resistant’ claim. Overall,
there was less between-label variability among those that
exposed to the alternative ‘water resistant’ claim than for
the standard ‘tested for 4 hours water resistance’ claim.

Considering message content, outcomes for the
extended (time-and-activity) message were similar to the
simple (time-only) message. There was one exception to
this: compared to the simple message, the extended mes-
sage decreased knowledge to reapply the sunscreen every
2 h when it appeared on labels with the standard water
resistance claim (66% vs. 63%), but not the alternative
claim, for which there was no difference (76% and 76%).

Similarly, considering format, outcomes were similar
for icon-based messages and text-based messages except
that, compared to text, icons decreased knowledge to
reapply the sunscreen every 2 h (60% vs. 69%) and inten-
tion to reapply sunscreen after activity (38% vs. 41%)
when they appeared on labels with the standard water
resistance claim, but not the alternative claim.

Labels with the extended (time-and-activity) icon-
based message increased knowledge to reapply after
activity for labels that contained the alternative water
resistance claim (57% vs. 40—-41% other conditions), and
under the standard claim (52% vs. 40—43% other condi-
tions). The extended icon was also associated with the
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Table 1 Participant characteristics (n=3,363)
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N % Difference by label condition
Gender Pearson chi” (9)=8.5, p=0.484
Male 1,600 47.6
Female 1,752 52.1
Age group Pearson chi’(45)=53.0p=0.192
18-24 years 347 103
25-34 years 579 17.2
35-44 years 590 17.5
45-54 years 549 16.3
55-69 years 759 226
70 years or older 539 16.0
State/Territory of residence (Jurisdiction) Pearson chi%(63)=63.7, p=0.452
New South Wales (NSW) 1040 309
Victoria (VIC) 868 258
Queensland (QLD) 687 204
South Australia (SA) 252 75
Western Australia (WA) 363 10.8
Australian Capital Territory (ACT) 69 2.1
Tasmania (TAS) 61 1.8
Northern Territory (NT) 23 0.7
Remoteness' Pearson chi? (9)=1 14,p=0.251
Metropolitan area 2410 71.7
Regional or remote area 953 283
Education>Yr 12 Pearson chi%(9)=1 3.9p=0.126
No (Year 12 or less) 1168 347
Yes (Higher than Year 12) 2179 64.8
Language other than English spoken at home Pearson chi’ (9)=9.1, p=0.431
No (English only) 3046 90.6
Yes (Speaks a language other than English) 293 8.7
Skin type: response to 30 min of strong sunshine Pearson chi?(27)=29.3, p=0.348
Burns, does not tan 971 289
Burns then tans 1541 45.8
Does not burn — tans or no response 688 20.5
Unsure 156 4.6
Skin cancer history Pearson chi’ (18) =17.1,p=0.513
None or unsure 2,329 69.3
Keratinocytic cancer/other spot 758 22.5
Melanoma 243 7.2
Preference for a suntan Pearson chi’(9)=17.4,p=0.043
No 1949 580
Yes 1377 41.0
Frequency of incidental sunscreen use Pearson chi(9) = 18.2,p=0.033
Sometimes 1079 32.1
Often-always 2284 67.9
Usual prompts to reapply: After a certain time Pearson chi’(9)=24.2,p=0.004
No 1726 51.3
Yes 1623 483
Usual prompts to reapply: After swimming AND after sweating (i.e. activity) Pearson chi’(9)=4.5, p=0.874
No 2752 81.8
Yes 611 18.2
Usual prompts to reapply: According to label Pearson chi’(9)=15.2,p=0.086
No 2529 752
Yes 820 244

Table percents unweighted numbers and percentages. Bold text signifies criteria met for potential inclusion as covariate (p <0.25 on test of association with label
condition). Percentages include missing data (< 1% of participants) and have been rounded to nearest decimal, so may not add to 100%

TAustralian Statistical Geography Standard (ASGS)



Nicholson et al. BMC Public Health (2025) 25:3656

Page 8 of 13

Table 2 Main and combined effects of FOP reapplication and water resistance information on sunscreen reapplication outcomes

Knowledge to reapply (% correct)

Intention to reapply (% yes)

False beliefs (% selected)

Every2h After activity Within 2 h After activity = Waterproof Sweatproof
Reapplication n= p<0.001 p=0.082 p<0.001 p=0.809 p=0979 p=0.019
information
No FOP information 702 48.2% 43.3% 40.5% 41.5% 49.3% 18.7%
(Ref) (44.5%—-51.9%) (39.6%—46.9%) (37.0%—44.1%) (37.9%—45.1%) (45.6%—52.9%) (15.8%—21.6%)
FOP information 2661  70.3% 44.2% 54.1% 39.5% 47.2% 20.2%
(68.6%—-72.0%) (42.3%—46.1%) (52.3%-56.0%) (37.6%—41.4%) (45.4%—-49.1%)  (18.7%—-21.8%)
Water resistance claim n= p=0.003 p=0.013 p=0.001 p=0472 p<0.001 p=0.051
Standard (Ref) 1,716 60.0% 42.7% 47.0% 39.6% 41.2% 20.2%
(57.7%-62.3%)  (40.4%—45.0) (44.7%—-493%)  (37.3%—-42.0%) (38.9%—-43.5%)  (18.3%—22.1%)
Alternative 1,647 71.5% 45.4% 55.7% 40.2% 54.4% 19.6%
(69.4%—-73.7%) (43.0%—47.8%) (53.4%-58.1%) (37.8%—42.6%) (52.0%-56.8%) (17.7%—21.5%)
Reapplication chi?=040, chi?=3.99p=0.046 chi’=132, chi?=041, chi?=0.87, chi?=5.82p=0.016
information X Water p=0.530 p=0.250 p=0.524 p=0.350

resistance claim

FOP Front-of-pack. Standard water resistance claim: Tested for 4 h water resistance. Alternative water resistance claim: Water resistant

Results presented are adjusted percentages (95% Confidence Interval), estimated from logistic regression model that tests main and combined labelling effects and
controls for covariates. Bold text signifies significant difference from reference category (Ref), p <0.05

O Ref Cat: No FOP information with 'tested 4 hours water resistant' (n=377)

No FOP information with 'water resistant’ (n=325)

65%

w
©

Knowledge to reapply every 2
hours (% correct)

Knowledge to reapply after
activity (% yes to all)

O FOPinformation with 'tested 4 hours water resistant’ (n=1,339)

FOP information with 'water resistant’ (n=1,322)

Intention to reapply reapply
after activity (% yes to all)

Intention to reapply within 2
hours (% yes)

Fig.2 Combined effects of FOP reapplication and water resistance information on sunscreen reapplication outcomes. Figures display adjusted percent-
age (95% Confidence Interval), estimated from logistic regression model that tests main and combined labelling effects and controls for covariates. Bold

text signifies significant difference from reference category, p<0.05

false belief that the product is sweatproof, under the
standard water resistance claim, but not for the alterna-
tive claim.

Subgroup analyses (primary outcomes)
For RQ1 (Supplementary File 4), overall, compared to
the full sample, the results of subgroup analyses for par-
ticipants with Year 12 or less education and those who
speak a language other than English at home were similar
in direction and magnitude for main effects of the FOP
reapplication information (versus no FOP reapplication
information) and the alternative ‘water resistance’ claim
(versus the standard claim), but there were fewer signifi-
cant results for the effect of the water resistance labelling
condition across all outcomes.

For RQ2 (Supplementary File 5), there were some dif-
ferences in main effects of message type for participants
with education to Year 12 or less, compared to the full

sample. For participants with limited education, there
was a trend for icons to increase knowledge (both out-
comes) and intention (after activity only) compared to
text information, for labels with the standard water resis-
tance claim, although none of these associations were
statistically significant. Main effects for message content
(simple versus extended) were similar overall. Combined
effects of message format and content were similar to the
full sample, with the extended icon increasing knowl-
edge to reapply after activity under both the standard and
alternative water resistance conditions.

Discussion

Our research confirmed that time-qualified statements
of water resistance, as required under the current AUS/
NZ Standard, resulted in misunderstanding about how
often to reapply sunscreens. As hypothesised, the use of
a simpler alternative claim (‘water resistant’) increased
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Table 3 Main and combined effects of FOP reapplication message content and format on sunscreen reapplication outcomes, by
water resistance claim

Knowledge to reapply (% correct)

Intention to reapply (% yes)

False beliefs (% selected)

Every 2 hours After activity Within 2 hours  After activity Waterproof Sweatproof
Standard water resistance claim: Tested 4 hours water resistant
Message content n=  p=0.029 p=0.62 p=0.37 p=0.61 p=0.81 p=0.94
Simple (Ref) 694  66.3% 40.8% 50.7% 36.9% 39.9% 17.5%
(62.9%—69.8%) (37.1%—44.4%) (47.1%—-544%)  (33.3%—-40.4%) (36.2%-43.6%)  (14.6%—20.4%)
Extended 645  63.0% 47.3% 49.8% 42.3% 42.4% 24.9%
(59.3%-66.7%) (43.5%—51.1%) (46.0%—-53.6%)  (38.5%—46.1%) (38.6%—46.2%)  (21.6%—28.2%)
Message format n=  p<0.001 p=0.66 p=0.21 p=0.005 p=0.48 p=0.84
Text (Ref) 699  69.0% 42.5% 51.4% 40.9% 40.7% 17.9%
(65.6%—72.4%) (38.8%—46.1%) (47.7%—55.0%)  (37.3%—44.6%) (37.1%—44.4%) (15.09%—20.7%)
Icon 640 60.1% 45.5% 49.1% 37.9% 41.5% 24.7%
(56.3%—-63.9%) (41.7%—49.3%) (453%—52.9%)  (34.2%—-41.7%) (37.7%—45.3%) (21.4%—28.0%)
Content X format n=  p=0.07 p=0.08 p=0.35 p=0.004 p=0.19 p=0.003
Simple text (Ref) 375 72.7% 41.6% 53.0% 41.8% 41.2% 17.8%
(68.2%—77.2%) (36.6%—46.6%) (48.0%—58.0%)  (36.8%—46.9%) (36.2%—46.2%)  (13.9%—21.7%)
Simple icon 319  59.4% 39.9% 48.3% 31.4% 38.5% 17.2%
(54.0%—-64.8%) (34.5%—45.3%) (42.9%—-53.7%)  (26.3%—36.5%) (33.1%—-43.9%)  (13.0%-21.4%)
Extended text 324 65.1% 43.4% 49.6% 40.0% 40.3% 18.0%
(59.9%-70.3%) (38.19%—48.8%) (44.2%—-54.9%)  (34.6%—45.3%) (34.9%—-45.6%)  (13.8%—22.2%)
Extended icon 321 60.8% 51.5% 49.9% 44.9% 44.7% 32.5%

(55.5%—-66.1%)

(46.0%—57.0%)

Alternative water resistance claim: Water resistant

(44.5%—55.4%)

Message content n=  p=0.59 p=0.85 p=0.68
Simple (Ref) 676  75.8% 40.2% 57.1%
(72.6%—79.0%) (36.5%—43.9%) (53.5%—60.7%)
Extended 646  764% 48.7% 59.0%
(73.1%—79.7%) (44.9%—52.5%) (55.3%—-62.8%)
Message format n= p=0381 p=0.76 p=0.21
Text (Ref) 649  77.1% 40.5% 60.3%
(73.8%—80.3%) (36.7%—44.2%) (56.6%—63.9%)
Icon 673  751% 48.1% 55.9%
(71.8%—78.4%) (44.4%—51.8%) (52.2%-59.6%)
Content X format n=  p=061 p=0.001 p=0.90
Simple text (Ref) 327  76.2% 40.8% 59.5%
(71.6%—80.8%) (35.5%—46.2%) (54.3%—64.7%)
Simple icon 349 754% 39.7% 54.8%
(70.9%—-79.9%) (34.6%—44.7%) (49.7%-59.9%)
Extended text 322 78.0% 40.1% 61.1%
(73.4%—82.6%) (34.7%—45.4%) (55.8%—66.3%)
Extended icon 324 74.8% 57.0% 57.1%

(70.0%—79.6%)

(51.6%—-62.4%)

(51.7%—62.4%)

(39.5%-50.4%)

p=1.00

37.9%
(34.2%—41.6%)
40.7%
(36.9%—-44.5%)
p=0.87

37.6%
(33.8%—41.3%)
40.9%
(37.2%—44.6%)
p=0.31

37.6%
(32.3%—42.9%)
38.2%
(33.1%—43.3%)
37.6%
(32.3%—42.9%)
43.7%
(38.3%—49.1%)

(39.3%-50.2%)

p=040

53.7%
(50.0%—57.5%)
53.1%
(49.2%—57.0%)
p=0.73
54.7%
(50.8%—58.5%)

52.3%
(48.5%—56.1%)

p=0.16
53.1%

(47.6%—58.5%)

54.4%

(49.2%—59.6%)

56.4%

(50.9%—61.8%)
50.0%
(44.5%—55.5%)

(27.4%—-37.7%)

p=0.94

18.4%
(15.5%—21.4%)
19.6%
(16.5%—22.6%)
p=0.31

16.7%
(13.8%—19.7%)
21.1%
(18.0%—24.2%)
p=0.57

16.8%
(12.7%—21.0%)
19.9%
(15.7%—24.1%)
16.6%
(12.5%—20.7%)
22.4%
(17.8%—26.9%)

Analyses restricted to those exposed to FOP messages and stratified by water resistance condition. Results presented are adjusted percentages (95% Confidence
Interval), estimated from logistic regression model that tests main and combined labelling effects and controls for covariates. Bold text signifies significant difference

from reference category (Ref), p<0.05

knowledge about when to reapply. The inclusion of FOP
reapplication directions, which are not required under
the standard, also increased knowledge about effective
reapplication. Together, the alternative water resistance
claim and FOP reapplication directions significantly
boosted consumer understanding of directions for
reapplication.

As shown for other health behaviours, sunscreen label
designs should support consumers to process informa-
tion with minimal effort, including by directing their

attention towards the most important labelling infor-
mation [31]. Previous research using eye-tracking has
demonstrated the importance of FOP sunscreen labels
to convey directions for use [32]. Data collected through
this online experiment (but not reported here) found
10% of participants never engaged with the back-of-pack
label, with most reading it once before purchase (51%),
or first use (30%) [33]. Low engagement with back-of-
pack labelling information has also been reported in
US research [34]. Consequently, the industry norm for
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directions for use to be positioned on detailed back labels
is resulting in consumers missing vital information about
how to use sunscreen effectively, as these directions are
lost in ‘fine print’ that fails to signal their importance. Pri-
mary sunscreens are categorised as medical products in
Australia, not general skin care or beauty products, and
so the limited label space should prioritise directions for
use. Changes to the standard could require the inclusion
of FOP directions for use on all primary sunscreen labels.
This also prompts the question of whether the standard
should require a larger proportion of FOP label space
to be dedicated to directions for use and key product
attributes (sun protection factor, broad spectrum per-
formance, water resistance). This would prioritise the
importance of this information over other pack design
and branding features and may help consumers achieve
and sustain the level of protection stated on the label.
Engagement with health information and claims is
influenced by underlying beliefs and biases, which can
lead consumers to infer product benefits beyond those
explicit in the claim [35]. Our formative research iden-
tified misperceptions about the performance of water-
resistant sunscreens, which led consumers to expect
these sunscreens to retain a high level of protection after
vigorous water-based activities [25]. This may explain
why the alternative (unqualified) water resistant claim
tested by this study increased the misperception that the
product is waterproof. Additionally, sensitivity analyses
demonstrated that perceiving the product to be ‘water-
proof” was associated with lower knowledge and inten-
tion to reapply the sunscreen after activity but perceiving
the product to be ‘sweatproof” was not (Supplementary
File 3). Importantly, controlling for these beliefs did not
diminish the overall effect of the labelling condition.
This suggests that, although the labelling conditions we
tested did not reduce false beliefs, they were effective
to improve comprehension of reapplication directions
irrespective of whether water resistance terminology
was understood. Thus, misunderstanding about water
resistance can be addressed through stipulating that
our proposed mandate for FOP directions includes the
instruction to reapply every 2 h or after swimming, sweat-
ing and towel drying. These directions communicate clear
limits to the properties and performance of water resis-
tance sunscreens. More broadly, these findings empha-
sise the need for sunscreen labelling to be supported by
other communication strategies that combat misunder-
standing and misinformation about sunscreens [36, 37].
Whilst not effective at decreasing the false belief that
the sunscreen was waterproof, the icon that depicted the
extended message (i.e., to reapply after 2 h or activity)
was the only labelling condition that increased knowl-
edge to reapply after swimming, sweating and towel dry-
ing. This message combination was even more effective
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at increasing knowledge to reapply after activity when
presented with an alternative ‘water resistant’ claim
(57%) than under the standard claim (52%). Other icons
generally performed worse than their text-based coun-
terparts, contrary to our hypothesis. Our expectation
that icons would improve the communication of sun-
screen claims and directions for use was informed by the
food labelling literature, which positions visual aids as
a promising but under-researched tool to enhance con-
sumer understanding of nutrition information [31, 35].
Rather than conclude icons are ineffective to communi-
cate sunscreen claims and directions for use, we believe
this points to the need for further user-centred testing
of alternative icon designs, as this was not conducted for
the messages tested in our formative study. Further test-
ing should aim to optimise visibility, comprehension and
impact of all key elements of effective sunscreen use. In
the meantime, sunscreen manufacturers can be reassured
that FOP reapplication messages in a variety of formats
can be effective to increase knowledge about effective
reapplication.

Regulatory bodies could additionally consider con-
solidating the different times for which a product can be
tested for (and claim) water resistance, as there is a bias
towards maximum claims (i.e., 4 h water resistance) for
high SPF products that are tested for registration and sale
in Australia (Personal communications; John Staton).
Removing categories to claim shorter periods of water
resistance for high SPF primary sunscreens would negate
the need to inform consumers of the time for which their
sunscreen has been tested (in laboratory conditions)
to be water resistant. It would also elevate the already
high benchmark for the performance of Australian sun-
screens. Changes to the standard, such as specifying FOP
information, removing ambiguity in the water resistance
claim, and establishing a minimum (rather than maxi-
mum) water resistance performance all help to create a
level playing field for manufacturers to provide clear and
consistent FOP labelling directions that benefit all sun-
screen consumers.

Although skin cancer rates are generally higher in more
advantaged cohorts, deaths due to skin cancer dispropor-
tionately affect the most disadvantaged, including those
with limited educational attainment, financial instability,
and no health insurance [38]. This is largely attributed to
delayed diagnosis and treatment, however lower educa-
tion and income are also associated with lower uptake
of sunscreen and other forms of sun protection [38, 39].
Changes to sunscreen labelling regulations would not
address barriers related to affordability and accessibil-
ity. Nonetheless, it is important to ensure that popula-
tion interventions like this do not inadvertently widen
health inequalities, especially those related to health
literacy. Our sensitivity analyses found that, contrary to
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the full sample, icon-based messages were associated
with slightly higher knowledge outcomes for people with
lower levels of education. These associations were not
significant, however they are consistent with previous
research on this topic, which suggests icons can improve
message comprehension for people with lower education,
health literacy, or linguistic diversity [35]. This reinforces
our recommendation for further user-tested icon design,
which should be conducted with diverse groups of sun-
screen users.

This study focused on improving sunscreen reapplica-
tion, which is just one component of effective sun pro-
tection. Further to improving sunscreen application
practices, more needs to be done to raise public aware-
ness about UV radiation and motivate Australians to
adopt effective sun protection habits, including sunscreen
use, during everyday activities and prolonged exposure
[40]. Experts recommend all Australians with fair to olive
skin apply sunscreen daily when UV levels are forecast to
be 3 and above [16, 41]. However, sunscreen should not
be used in isolation or to extend time in the sun. Only
about half (54%) of Australians use three or more forms
of sun protection when outdoors for more than 15 min
in spring and summer months [9]. Continued invest-
ment in skin cancer prevention campaigns is critical to
address complacency and remind Australians of how, as
well as why, to protect their skin [42]. Although labelling
improvements can go some way to improving effective
sunscreen use, a comprehensive approach including mass
media campaigns, settings-based policies, and invest-
ment in public shade, will be required to improve sun
protection and reduce skin cancer at a population level.

We assessed how labelling features influence knowl-
edge and intentions regarding sunscreen use, because
sun protection intentions predict sun protective behav-
iours in prospective studies [43]. To limit the number
and breadth of experimental conditions, we exclusively
focused on sunscreen reapplication. Complementary
studies carried out in real-world outdoor settings would
strengthen the evidence base for the role and impact of
sunscreen labelling to change sun protection behaviour at
a population level. However, we believe our experimental
evidence demonstrating that FOP labelling changes can
improve knowledge about effective sunscreen use is suf-
ficient to prompt regulatory action.

Key strengths of the present study include the con-
trolled experimental design and large sample size with
quotas applied to ensure adequate representation of
demographic groups according to the Australian popula-
tion. However, we note that participants were recruited
via an opt-in online panel and may differ from Austra-
lians who do not participate in such panels. Addition-
ally, our sample was restricted to people who already use
sunscreens, as it was beyond the scope of our research to
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investigate whether labelling changes also increase adop-
tion of sunscreen.

Although our findings are specific to communication of
the Aus/NZ Standard, the principles are relevant to other
contexts and regulatory environments. Adherence to
sunscreen reapplication recommendations are poor glob-
ally [23]. Additionally, in the US, studies conclude that
sunscreen labelling terms are poorly understood and two
thirds of adults mistakenly believe that sunscreen can be
waterproof [34, 44, 45]. There is a clear opportunity for
additional research in this under-explored area. Future
research could work towards a more comprehensive
understanding of how to optimise visibility, comprehen-
sion and impact of all key sunscreen labelling elements,
integrating experimental and real-world evidence on
directions for how much sunscreen to apply, and how
often, with other attributes and claims.

Conclusions

We found that including information about sunscreen
reapplication on the FOP and replacing the current time-
qualified claim ‘tested for 4 hours water resistance’ with
the simpler ‘water resistant’ claim can increase knowl-
edge and intention to reapply sunscreen every 2 h. If both
changes were implemented to the AUS/NZ sunscreen
standard, their combination would have independent and
complementary benefits for public understanding about
when to reapply sunscreen. Educating Australians about
the need to reapply sunscreen after swimming, sweat-
ing and towel drying is more challenging, as this involves
correcting misperceptions about the performance of
water-resistant sunscreens. Although icons that com-
municate directions to reapply every 2 h and after swim-
ming, sweating and towel drying show promise, further
testing of user-centred design concepts is warranted.
Policy change is required to create a level playing field
for manufacturers to adopt simplified claims of water
resistance and provide clear and consistent FOP label-
ling directions that benefit all sunscreen consumers. In
the meantime, sunscreen manufacturers can be reassured
that FOP reapplication messages in a variety of formats
can be effective to increase reapplication.
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