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Abstract
Objective: To test whether point-of-sale (POS) information about the nutrition con-
tent of sugar-sweetened beverages (SSB) promotes healthier drink choices among
teenagers, and explore whether POS intervention effects vary based on prior expo-
sure to a sugary drink public health campaign (13 Cancers).
Design: Between-subjects online experiment with three POS signage conditions:
no signage (control); sugar content (SC) and Health Star Rating (HSR).
Participants viewed their assigned POS sign alone, then alongside a drinks product
display and chose which drink they would buy. Perceptions of various drink prod-
ucts and campaign recall were assessed.
Setting: Australia.
Participants: Adolescents aged 13–17 years (n 925) recruited via an online panel.
Results: POS signs did not promote a significant reduction in preference for SSB (cf.
control condition). Cognitive and emotional responses to POS signs were strongest
for the SC sign, which was rated higher than the HSR sign on various perceived
effectiveness measures. Participants who saw the SC sign rated SSB as less healthy
(cf. control condition) and were more likely to accurately estimate the number of
teaspoons of sugar in soft drink (cf. HSR sign and control conditions). There was no
significant interaction between prior exposure to the 13 Cancers campaign and
POS signage condition regarding preferences for and perceptions of SSB.
Conclusions: SSB POS interventions may not have the desired effect on adoles-
cents’ drink preferences. Testing SSB POS signs in real-world retail settings is
needed to determine whether positive educational impacts extend to promoting
healthier drink purchases and reduced SSB consumption among teenagers.

Keywords
Sugar-sweetened beverages

Adolescents
Public health intervention

Obesity prevention
Point-of-sale

The number of children and teenagers with obesity is pre-
dicted to rise to 254 million worldwide by 2030(1). Sugar-
sweetened beverages (SSB) are implicated in this global
obesity epidemic. Evidence links childhood consumption
of SSB to weight gain and chronic disease later in life(2–8),
as well as more immediate problems like tooth decay(9)

and poor sleep(10,11).
WHO advises children’s and adults’ intake of free sug-

ars to be <10 % of total energy intake(12). However, many
young peoples’ sugar intake, especially for SSB, exceeds
recommendations(13–15), including in Australia where this
study was conducted(16). Curbing young people’s SSB
consumption offers one promising strategy for helping
address childhood obesity and improve health out-
comes(2,17). Experts have called for policies to reduce
SSB consumption and encourage healthier alternatives

like water(3,18,19). Evidence for the efficacy of popula-
tion-level interventions addressing SSB consumption is
mixed and emerging(13,20). Systematic reviews have called
for research: testing interventions that can be scaled up;
using non-US survey samples; ensuring adequate power;
examining intended and unintended effects (e.g. substitu-
tion with artificially sweetened drinks); and considering
how interventions interact with contextual factors that
may influence effectiveness(20,21). This study extends this
area of enquiry by testing a sample of Australian adoles-
cents’ responses to a simulated, scalable point-of-sale
(POS) signage intervention, involving two different nutri-
tion labelling schemes for non-alcoholic drinks, and
exploring whether responses to the POS intervention
are affected by prior exposure to a public health campaign
discouraging SSB consumption.
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Well-designed public health mass media campaigns of
sufficient intensity and duration can promote population-
level improvements in health-related behaviour(22).
Following implementation in two separate Australian
states of a healthy weight and lifestyle campaign
(LiveLighter®(23)) that graphically communicated negative
health effects of SSB consumption, reduced SSB con-
sumption was found among adults who were frequent
consumers(24,25). Adults previously exposed to a public
health campaign about SSB, weight gain and increased
cancer risk (13 Types of Cancer, herein referred to as
13 Cancers) showed reduced preferences for SSB, and
exposure to POS signs about SSB also reduced SSB pref-
erences(26). POS signs were most impactful for those not
previously exposed to the campaign, suggesting that
POS signs may complement mass media campaigns by
reaching people not otherwise exposed to public health
messaging about SSB.

Providing nutrition and health information at the POS
can improve awareness and knowledge and encourage
healthier food and drink purchases(27). A systematic review
found that front-of-pack (FOP) labels and POS signs with
health- or sugar-related messages were associated with
improved knowledge, attitudes and beliefs, and reduced
SSB purchases –with warnings about health consequences
especially effective(28). A meta-analysis of experimental
studies found that SSB warnings can reduce SSB purchases
and purchasing intentions, promote stronger emotional
responses to SSB and increase perceptions that SSB con-
tribute to disease(29). Most research in this area has been
with adults and tested FOP labels rather than POS signs.
The authors called for research identifying themost impact-
ful SSB warning designs and with priority population sub-
groups.

Testing the effectiveness of SSB POS interventions with
adolescents is warranted, as they are high consumers and
often make independent purchases. Many teens have
their own money, and higher weekly spending money
is associated with high SSB consumption(11). An online
experiment found text-based health warning labels on
SSB helped US teens recognise the sugar content (SC)
of SSB and reduced hypothetical SSB purchases(30). An on-
line experiment with New Zealand teenagers and young
adults found text-based SC warning labels reduced prefer-
ences for and likelihood of purchasing SSB(31). Evidence
from studies with adults suggests pictorial warnings on
unhealthy foods may be more impactful than text-only
warnings(32,33). Research examining how adolescents
respond to SSB POS interventions that include graphic
elements is lacking. This is particularly relevant in
Australia where a pictorial nutrition labelling scheme,
the Health Star Rating (HSR)(34), has been voluntarily
implemented on some foods and drinks since 2014, with
plans to make this scheme mandatory.

The HSR is designed to provide consumers with a quick,
easy pictorial reference for comparing similar packaged

food and drink products(34). However, industry uptake of
the HSR system has been slow; it currently only appears
on some products and less commonly on products with
low HSR, which restricts its utility(35). There has also been
contention that the algorithmused to compute theHSRmay
be misleading for certain products, which can attract a high
HSR despite having high levels of sugar (e.g. fruit juice)(36).
Investigation of timely, expedient methods for communi-
cating nutrition information about drink products at the
POS is warranted. Here, we test adolescents’ reactions to
POS signs that provide summary pictorial nutrition informa-
tion comparing various drink products alongside one
another. Such POS signs could potentially be implemented
either voluntarily (e.g. in school canteens seeking to pro-
mote healthy choices) or mandated at the state level, inde-
pendent of FOP labelling.

The primary aim of this study was to test the effects of
two different POS signage interventions on adolescents’
drink preferences and perceptions: (i) showing the HSR
for various popular non-alcoholic drinks and (ii) showing
SC as the number of teaspoons of sugar found in these
drinks. A secondary research question was to examine
whether responses to these POS signs differed based on
recent exposure to the 13 Cancers campaign which urged
people to avoid SSB.

Methods

Design and procedure
Using a similar approach to our analogous study with
adults(26), a between-subjects online experiment was con-
ducted during the final 4 weeks of a 6-week television-led
public health campaign (13 Cancers) highlighting the link
between SSB, weight gain and increased cancer risk,
broadcast in Victoria, Australia(37). Participants were ran-
domly assigned to one of three POS signage conditions:
no signage (control), SC and HSR. Those in the SC or
HSR condition were advised that they would be shown
an information poster on the next screen and to take some
time to read the whole poster as they would be asked
some questions about it later in the survey. After viewing
their assigned POS sign on screen alone (median duration
= 15 s), participants were shown their POS sign alongside
a display of generic non-alcoholic drink products and
asked to select which drink they would choose to buy
for themselves. Participants in the no signage condition
were not shown any information poster and only saw
the drink product display (without a POS sign) whenmak-
ing their selection. Next, perceptions and knowledge of
drink products were assessed, and for those in the POS
signage conditions, cognitive and emotional responses
to the sign were assessed. Finally, participants were
shown the 13 Cancers video advertisement to assess
self-reported prior exposure to the campaign.
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Participants
A sample of Australian adolescents who consume SSB at
least monthly were recruited by contacting adults from
Ipsos’s non-probability national online panel and two of
their panel partners. Panellists are sourced using a variety
of methods (e.g. telephone interviews, face-to-face sur-
veys) and receive points for completing surveys that can
be redeemed for rewards (e.g. shopping vouchers).
Digital fingerprint technology was used to reduce the like-
lihood of duplicate participants across multiple panels.
Upon clicking the survey link in the email invitation, pan-
ellists were screened to determine if they were the parent/
guardian of a child aged 13–17 years. Those meeting this
criterion were provided with information about the study
and allowed to read through the questionnaire before con-
senting to their child’s participation. Where parent/guard-
ian consent was obtained, panellists were instructed to
have their child complete the survey independently by
clicking to the next screen. Informed consent was obtained
from adolescents before commencing the survey.

Participants answered questions to confirm eligibility cri-
teria: aged 13–17 years, did not reside in Western Australia
(due to this state’s exposure to the long-running LiveLighter®

healthy weight and lifestyle mass media campaign that
included messaging about SSB(24) which differed from the
13 Cancers campaign being considered here) and usually
consumed at least one cup of SSB a month (included all
non-diet varieties of soft drinks, flavoured mineral water,
energy drinks, fruit drink, sports drink and cordial). No
age, gender or location quotas were applied due to difficul-
ties in recruiting adolescents through online panels. The
maximum number of adolescents was recruited within the
specified data collection period (21 October to 17
November 2019). To detect overall effects of the SC and
HSR POS signs of a similar magnitude to those observed
in our analogous experiment with adults(26), it was estimated
that between 182 and 317 per condition would be required.

Interventions

Point-of-sale signs
Full-colour digital POS signs, originally developed for our
analogous experiment with adults(26), were used as the
intervention stimuli (see Fig. 1). Both signs featured seven
identical non-alcoholic drinks (soft drinks, 100 % fruit juice,
flavoured milk, flavoured water, energy drinks, sports
drinks, water). The SC sign displayed each drink with its
corresponding number of teaspoons of sugar; theHSR sign
showed each drink accompanied by an overall rating of its
nutritional profile. The HSR scheme is a voluntary FOP
nutrition labelling scheme in Australia whereby packaged
products are assigned an interpretative rating ranging from
½ to 5 stars (more stars indicate a healthier choice) that
takes into account positive and risk nutrients of the product
per 100 g/100 ml(38). For each drink type, the amount of
sugar and HSR were determined by the researchers

referring to nutritional information for key branded prod-
ucts and an Accredited Practicing Dietitian reviewed them
for accuracy. Based on their advice, the number of tea-
spoons of sugar in flavoured milk did not include the
amount attributable to naturally occurring lactose; how-
ever, naturally occurring sugar present in 100 % fruit juice
was included due to somewhat mixed evidence regarding
health effects of 100 % fruit juice(39).

Mass media campaign
The 13 Cancers mass media campaign graphically high-
lighted the link between SSB, weight gain and increased risk
of 13 types of cancer, ending with the call to action to avoid
sugary drinks. Initially launched inOctober 2018, the second
wave of the 13 Cancers television-led campaign com-
menced in October 2019 and ran for 6 weeks (7 October–
16 November). Data collection was timed to coincide with
the last 4 weeks of the campaign, so naturalistic exposure
could be assessed. The campaign’s primary target audience
was Victorian adults aged 25–59 years, while secondary
audiences included GP, parents and Victorians living in
non-metropolitan areas, as well as Victorians aged 18–24
years who were targeted predominantly via digital media.
We examined whether teenagers were also reached by this
campaign and whether responses to the POS signage inter-
vention varied as a function of prior campaign exposure.

Measures

Drink choice
Using a hypothetical shopping scenario developed by
Billich et al.(40), participants were instructed to imagine they
had gone into a convenience store or take-away café or
kiosk or up to a vending machine with the intention to
buy a pre-packaged drink (in a bottle, can or carton) to drink
immediately themselves. They were then asked to select
which drink, if any, they would choose in this situation from
a display of fifteen generic non-alcoholic drink products.
Participants in the intervention conditions viewed their
assigned POS sign (SC or HSR) alongside the drinks display
(see Fig. 2); participants in the control condition sawno sign-
age when making their drink choice. Selections were sub-
sequently collapsed into the following drink categories:
SSB (regular soft drink (cola and non-cola), fruit drink (with
added sugar), iced tea, sports drink, energy drink, flavoured
water); diet drinks (diet soft drink (cola and non-cola), diet
energy drink); high (≥4) HSR drinks containing sugars, e.g.
fructose, lactose (fruit juice (100% juice), plainmilk, coconut
water); high (≥4) HSR drinks with no sugar (bottled water);
flavoured milk and no drink.

Drink perceptions
Seven-point rating scales measured perceptions of how
healthy (1= ‘not healthy at all’ to 7= ‘very healthy’) partic-
ipants considered each of the fifteen drink types to be and
howmuch sugar (1= ‘no sugar’ to 7= ‘high sugar content’)
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each contained. Responses were averaged to create sum-
mary indices of perceptions of healthiness and SC for each
drink category.

Knowledge about sugar-sweetened beverages
An open-ended question prompted participants to provide
their best guess as to how many teaspoons of sugar are in
an average 600 ml bottle of soft drink. Responses within a
10 % margin of error of 16 teaspoons (i.e. 15–17) were
classified correct.

Reactions to point-of-sale signs
Participants rated their allocated POS sign on cognitive and
emotional measures using seven-point scales ranging from
1 = ‘strongly disagree’ to 7= ‘strongly agree’ for the cogni-
tive items and from 1= ‘not at all’ to 7= ‘extremely’ for the
emotional items. Participants indicated their level of agree-
ment that they felt motivated to reduce the amount of sug-
ary drinks they currently drink while reading their assigned
POS sign.

Fig. 1 (colour online) Point-of-sale signs (left to right): sugar content; Health Star Rating

Fig. 2 (colour online) Example of online drink choice task for the sugar content point-of-sale signage condition
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Self-reported prior campaign exposure
Participants were shown the 30 s 13 Cancers video advertise-
ment. Those indicating they could clearly see and hear the
advertisement (99%; n 919) were asked whether they had
previously seen it. Participants who responded ‘Yes’ (cf.
‘No’ or ‘Don’t know/can’t say’) were categorised as having
self-reported prior exposure to the 13 Cancers campaign.

Demographics
Participants recorded their gender, age, residential post-
code (to estimate area-based socio-economic position
according to the Socio-Economic Indexes for Areas
Index of Relative Socio-Economic Disadvantage(41)) and
usual frequency of consumingwater and SSB. Self-reported
height and weight were collected to compute BMI (weight
(kg)/height (m)2), which was classified into weight catego-
ries according to international standard cut-offs for children
and adolescents(42).

Statistical analysis
Data were analysed using Stata MP version 16.1(43).
Descriptive statistics were used to characterise the sample
and report proportions for categorical outcomes (i.e. type
of drink selected in choice task; knowledge of correct num-
ber of teaspoons of sugar in 600 ml bottle of soft drink) and
means for continuous outcomes (i.e. perceived healthiness
and SC of each drink category). A combination of logistic
(for categorical outcomes) and linear (for continuous out-
comes) regression analyses was conducted to test for
differences by POS signage condition on each outcome.
For eachmodel, the overall main effect of POS signage con-
ditionwas assessed using the testparm postestimation com-
mand in Stata. Where this global test was significant, this is
reported in text and all pairwise comparisons subsequently
examined (i.e. no signage v. SC POS sign; no signage v. HSR
POS sign; SC v. HSR POS sign)with a Bonferroni adjustment
applied to control for type 1 error rates. Pre-planned
exploratory analyses were performed on the respective
outcome measures, with an interaction term included in
each model to test whether effects of POS signs varied
based on prior exposure to the 13 Cancers campaign.
Descriptive statistics (Mean, SD) and independent samples
t tests were used to examine differences in cognitive and
emotional reactions to the SC and HSR POS signs.

Results

A total of 2557panellists clickedon the survey link in the email
invitation, of which 1260 were parent/guardians of a child
aged 13–17 years and agreed to their child participating.
Following exclusions, 932 eligible adolescents were rando-
mised to conditions, with a final sample of 925 (n 307–309
per condition) available for analysis (see Fig. 3 for
CONSORT flow diagram). The sample’s demographic profile
is summarised in Table 1. Almost half (48%) of the

participants reported consuming four or more cups (equiva-
lent to 1 litre) of SSB per week; around one in five (21%)
reported consuming SSB less than weekly.

Drink choice
Over half of all participants (55 %) selected an SSB in the
choice task; just under one-fifth (18 %) chose water. Less
than one in ten participants selected a high HSR drink con-
taining sugars (9 %), flavoured milk (9 %) or diet drinks
(8 %), and only 1 % indicated they would buy no drink.
There were no significant differences by POS signage con-
dition in the proportion of participants selecting any of
these drink types (see Table 2).

Perceived healthiness and sugar content
Participants shown the SC sign rated SSB as less healthy
than those who saw no signage (see Table 2).
Participants shown the SC sign rated flavoured milk as sig-
nificantly less healthy than participants shown the HSR
sign. Those shown the SC sign also rated high HSR drinks
containing sugars as significantly less healthy than those
shown the HSR sign or no sign. Perceptions of the health-
iness of diet drinks and water did not vary by condition.

Participants’ perceptions of the SC of each drink category
were unaffected by exposure to POS signs (see Table 2).

Knowledge about sugar-sweetened beverages
For the measure asking participants to nominate the number
of teaspoons of sugar in a 600ml bottle of soft drink, therewas
a significant effect of POS signage condition; 39% of partici-
pants who saw the SC sign nominated the correct number of
teaspoons comparedwith just 6 % of participants who sawno
sign and 4% who saw the HSR sign (see Table 2).

Self-reported prior campaign exposure
Overall, 18% of participants indicated they had previously
seen the 13 Cancers video advertisement, with exposure
moreprevalent among those residing inVictoria (52 %) com-
pared with other states (4%; χ2(1)= 305·72, P< 0·001).
Exploratory analyses showed no significant interaction
between prior exposure to the 13 Cancers campaign and
POS signage condition for selection of each drink category
in the choice task or perceptions of the healthiness and SC of
each drink category (nor were there any significant main
effects of campaign exposure). Sub-group analysis of the
control condition (no POS sign) showed no difference in
drink preference by campaign exposure.

Point-of-sale signage ratings
Table 3 shows participants’mean cognitive and emotional
responses to the POS signs. The SC sign was rated signifi-
cantly higher than the HSR sign onmost cognitive response
measures including making participants feel concerned,
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teaching them something new, believing it made a strong
argument andwas effective, and being likely to prompt dis-
cussion with others. The SC sign provoked significantly
stronger emotional responses for feelings of surprise,
worry, disgust and anxiety. The HSR sign made participants
feel significantly more reassured and bored than the SC
sign. Both POS signs were rated favourably (above the
mid-point of scale) for making participants feel motivated
to reduce their own sugary drink consumption, and this did
not differ significantly by condition.

Discussion

This study testing adolescents’ reactions to POS signs about
the nutritional content of SSB found that the SC sign gener-
ally performed better than the HSR sign in terms of
emotional and cognitive responses; however, neither

intervention influenced hypothetical drink purchasing
preferences. There was no evidence that adolescents’
responses to the POS signs were affected by prior exposure
to the 13 Cancers campaign.

Drink preferences
The majority of adolescents chose an SSB in the simulated
purchase task, with only a minority choosing water. POS
signs did not promote significant reductions in preference
for SSB or an increase in preference for water among this
sample of teens, most of whom were regular SSB consum-
ers at baseline. The lack of impact of these POS interven-
tions on adolescents’ drink preferences differs to
previous Australian research testing HSR and SC POS signs
with adults(26) and FOP labels with young adults(40), where
significant reductions in simulated purchase preference for
SSB were found. Findings suggest that adolescents’ drink

Fig. 3 CONSORT flow diagram
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preferencesmay be less affected by such interventions than
adults.

The two earlier studies further included graphic health
warnings among the interventions tested. The study with
young adults found graphic health warnings were most
impactful on preferences, while the studywith adults found
strongest effects for SC over graphic health warnings and
HSR. A recent meta-analysis of international research on
SSB warnings (with predominantly adult participants)
found health warnings (e.g. Beverages with added sugar
contribute to obesity) tend to be more impactful than
nutrient warnings highlighting nutrients of concern (e.g.
High in sugar) in influencing SSB preferences(29), with sim-
ilar conclusions reached in a new systematic review of SSB
POS signs and FOP labels(28). However, the meta-analysis
did not include nutrition labelling schemes that are
designed to convey qualitative information about healthi-
ness (i.e. summarising positive as well as negative nutri-
tional attributes), such as the HSR. It may be that health
warnings highlighting detrimental impacts of SSB con-
sumption are required to promote substantial change in
teens’ SSB purchasing beyond what can be achieved with

nutrition warnings highlighting problematic ingredients
(e.g. SC) or qualitative schemes summarising positive
and negative nutritional attributes of products (e.g. HSR).
Future research could test this hypothesis. Including ado-
lescents, young adults and adults in one study could
provide insights into age-related differences in responses.
While implementing health warnings about SSBmay prove
to be the optimal strategy for effectively curbing SSB con-
sumption, in the current food retail environment in
Australia, it is more likely that POS nutrition information
about SSB will be mandated ahead of health warnings;
hence, our focus on testing these interventions in the
present study.

Product perceptions and knowledge
The SC POS sign prompted teens to rate SSB as less healthy,
with no such effect found for HSR. Whereas, in our analo-
gous study with adults, both interventions promoted lower
perceptions of healthiness for SSB, although effects were
stronger for the SC sign(26). Teens who saw the SC sign also
rated highHSR drinks containing sugars as less healthy than

Table 1 Sample characteristics by point-of-sale signage condition (n 925)

Point-of-sale signage condition

No signage (control) (n 309) Sugar content (n 309) Health Star Rating (n 307)

% % %

Gender
Male 54·0 52·1 55·0
Female 45·6 47·6 45·0
Other 0·3 0·3 0·0

Age (years)
Mean 14·7 14·7 14·8
SD 1·3 1·4 1·4

SEP (area-based)*
Low (1–33%) 26·0 27·6 23·1
Medium (34–67%) 30·8 36·0 32·2
High (68–100%) 43·2 36·4 44·6

Location
Victoria 31·1 29·1 26·4
Other state/territory 68·9 70·9 73·6

BMI category†
Healthy weight/underweight 75·6 71·7 67·4
Overweight 19·0 21·1 24·5
Obese 5·4 7·2 8·2

SSB consumption
≥1 cup/month–<4 cups/week 53·7 50·5 52·4
4þ cups/week 46·3 49·5 47·6

Water consumption
<4 cups/d 36·2 41·7 41·4
4þ cups/d 63·8 58·3 58·6

Recognition of 13 Cancers campaign advertisement‡
No/Don’t know/Can’t say 80·8 80·8 85·2
Yes 19·2 19·2 14·8

Percentages may not sum to 100% due to rounding.
*Socio-economic position (SEP) was determined according to the Australian Bureau of Statistics’ Index of Relative Socio-Economic Disadvantage ranking for Australia using
participant’s residential postcode. This index ranks areas on a continuum of disadvantage (from most disadvantaged to least disadvantaged) taking into consideration
characteristics that may enhance or reduce socio-economic conditions of the area. SEP information is missing for two participants as they provided invalid residential
postcodes.
†BMI information is missing for 227 participants as they either did not self-report their height and/or weight (n 214) or provided invalid height and/or weight responses (n 13).
‡Campaign recognition information is missing for six participants who were unable to see and hear the advertisement clearly.
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teens who saw the HSR sign or no sign; the SC sign also
prompted teens to rate flavoured milk as less healthy com-
pared with the HSR sign. In both the teen and adult study,
SC signs prompted more accurate estimations of the num-
ber of teaspoons of sugar in regular soda, but no such effect
was found for the HSR sign. The singular communication
highlighting SC increased perceptions of product unheal-
thiness and improved accuracy in estimating SCmore effec-
tively than the global indicator of nutritional content,
the HSR.

Reactions to point-of-sale signage
We assessed emotional and cognitive reactions to the POS
signs using measures of perceived message effectiveness,
predictive of health-related intention and behaviour
change(44,45). Cognitive responses were significantly more
favourable for the SC sign than the HSR sign, with the for-
mer rated as more understandable, informative, convincing
and effective as well as prompting greater feelings of con-
cern, ‘stopping and thinking’ and being something teens
would discuss with others. The SC sign also promoted
stronger emotional responses than the HSR sign (e.g. sur-
prise, disgust), except the HSR was rated as more reassur-
ing (probably because the HSR is gain framed) and more
boring (possibly because of prior familiarity with the

HSR scheme or greater cognitive effort required to under-
stand and interpret HSR). Results indicate SC signs aremore
attention grabbing and easier for teenagers to understand at
a glance than HSR. These findings for teens echo those for
adults, where SC signs tended to out-perform HSR signs on
cognitive, emotional and motivational measures.

Effects of campaign exposure
Contrary to our study with adults, we did not find any evi-
dence that teenagers’ reactions to the POS signs varied based
on whether they had previously seen the 13 Cancers mass
media campaign, nor were there main effects of prior cam-
paign exposure on teens’ drink preferences and perceptions.
Possible explanations for the lack of observed campaign
effects for adolescentsmay relate to participants’ level of prior
campaign exposure or to the content of the campaign adver-
tisement. Australian teens have different media usage and
advertising exposure patterns to adults(46). Because the televi-
sion-led media buy targeted adults (aged 25–54 years), the
teens in our study who recalled seeing the campaign may
not have had a sufficient ‘dose’ of exposure to yield substan-
tive impacts on their preferences for SSB. However, if ample
exposure was achieved, an alternative explanation could be
that the campaign advertisement itself did not engage and
persuade teenagers sufficiently to influence their preferences.

Table 2 Type of drink selected in hypothetical shopping scenario, and perceptions and knowledge regarding different drink types by point-of-
sale signage condition

Point-of-sale signage condition

No signage
(control)
(n 309)

Sugar content (n
309)

Health Star
Rating (n 307)

%/M SD %/M SD %/M SD Test of main effect

Drink choice
SSB (added sugar) 58·3 53·1 55·0 χ2(2)= 1·71, P= 0·426
Diet drink 8·1 7·8 8·8 χ2(2)= 0·23, P= 0·894
Flavoured milk 8·7 8·1 9·4 χ2(2)= 0·35, P= 0·838
High (≥4) HSR drink with sugars 10·4 7·8 7·8 χ2(2)= 1·70, P= 0·427
High (≥4) HSR drink, no sugar (water) 14·2 20·7 18·6 χ2(2)= 4·54, P= 0·103
No drink 0·3 2·6 0·3 χ2(2)= 7·00, P= 0·030

Perceived healthiness*
SSB (added sugar) 3·22 1·00 2·96a 0·98 3·03 1·00 F(2, 922)= 5·47, P= 0·004
Diet drink 2·93 1·44 2·75 1·42 2·78 1·47 F(2, 922)= 1·34, P= 0·264
Flavoured milk 3·81 1·47 3·55b 1·47 3·87 1·43 F(2, 922)= 4·15, P= 0·016
High (≥4) HSR drink with sugars 5·38 1·00 5·14ab 1·09 5·40 1·07 F(2, 922)= 5·66, P= 0·004
High (≥4) HSR drink, no sugar (water) 6·61 0·84 6·67 0·90 6·67 0·88 F(2, 922)= 0·52, P= 0·592

Perceived sugar content†
SSB (added sugar) 5·11 0·88 5·22 0·85 5·22 0·82 F(2, 922)= 1·80, P= 0·165
Diet drink 3·56 1·80 3·90 1·70 3·76 1·85 F(2, 922)= 2·82, P= 0·060
Flavoured milk 4·78 1·43 4·88 1·44 4·69 1·46 F(2, 922)= 1·29, P= 0·275
High (≥4) HSR drink with sugars 3·14 1·09 3·14 1·09 3·09 1·16 F(2, 922)= 0·19, P= 0·830
High (≥4) HSR drink, no sugar (water) 1·42 1·25 1·38 1·22 1·45 1·31 F(2, 922)= 0·20, P= 0·818

Knowledge
Tsp. sugar in 600 ml soft drink‡ 5·8 39·5ab 4·2 χ2(2)= 97·95, P< 0·001

For each outcome where the test of main effect was significant (P< 0·05), pairwise differences were assessed with a Bonferroni correction applied.
a Significant difference compared with no signage (control) condition at P< 0·05. b Significant difference compared with Health Star Rating sign at P< 0·05.
*Rated on a seven-point scale ranging from 1= ‘not healthy at all’ to 7= ‘very healthy’.
†Rated on a seven-point scale ranging from 1= ‘no sugar’ to 7= ‘high sugar content’.
‡Proportion of participants who nominated the correct number of teaspoons of sugar in an average 600 ml bottle of soft drink within a 10% margin of error (i.e. 15–17
teaspoons).
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While the weight of evidence from research on POS commu-
nications about SSB indicates graphic health effects messag-
ing to be especially impactful(28,29) and previous research
testing reactions to different types of weight and lifestyle cam-
paigns found graphic health effects advertisements to be the
most persuasive with adults(47,48), we cannot rule out the pos-
sibility that teens are less responsive to such interventions
than adults. Nonetheless, there is evidence that public health
campaigns employing graphic health effects can impact teen-
agers’behaviour. A youth-targeted graphic health effects cam-
paign on smoking that employed vivid, confronting imagery
and achieved very high reach, was associatedwithmore neg-
ative attitudes towards tobacco products and higher risk per-
ceptions of smoking and reduced population level smoking
initiation(49,50). A national survey of Australian secondary stu-
dents found SSB consumption declined from 2009 to 2018,
with steeper declines in Western Australia(51), the only
Australian state to have had a sustained, comprehensive
obesity prevention mass media campaign within that period
(LiveLighter®(23,52)), which included graphic health effects
messaging andurged consumers to reduce their consumption
of energy-dense nutrient-poor food and drinks including SSB.
Findings are consistent with this graphic health effects cam-
paign hastening declines in teens’ SSB consumption. Future

research could test adolescents’ reactions to youth-targeted
graphic health effect campaign messaging about SSB where
reach and frequency of exposure can be established.

Limitations and future research
We acknowledge this study has limitations. We tested a
hypothetical drink purchasing scenario after a single expo-
sure, so cannot be certain how POS interventions would
impact teens’ actual SSB purchasing or consumption. The
screening question requiring participants to report their
usual frequency of consuming SSB and water prior to being
exposed to the experimental POS manipulation could have
led to demand effects. Trialling such interventions in real-
world settings that offer repeated exposure to signage and
include longer follow-up of behavioural impacts should
be a priority for future research(21,53). Our control condition
consisted of noPOS sign (rather than a control signunrelated
to SSB) to reflect the current retail environment in Australia,
so it was not a truly equivalent control condition. Due to
challenges in recruiting a sufficiently large sample of adoles-
cents to have adequate power to detect intervention effects,
we were constrained in the number of POS signage condi-
tions we could test, so focused on those considered most
feasible to implement in Australia’s ‘real world’ food retail
environment. Given a recent meta-analysis(29) and system-
atic review(28) (published after this experiment was con-
ducted) found health risks messaging tends to be more
impactful than nutrient-related information in discouraging
SSB purchasing preferences, future research should test
graphic health risks POS messaging with adolescents.

As our study sought to explore impacts of the POS inter-
ventions on teens who consumed SSB at least monthly, we
cannot be certain how less frequent consumers would
respond. Compared with Australian adolescent population
data, the sample comprised a slightly higher proportion of
males(54) and was skewed towards higher BMI(55). The sam-
ple was broadly similar for area-based SEP compared with
the general Australian population(41). Because adolescents
tend to be more concerned with reward relative to risk than
adults(56), their drink choices may be more motivated by
immediate rewards (e.g. taste, affordability, social norms)
than concerns about nutrition or long-term health risks.
This could at least partly explain why we found that teen-
agers’ drink preferenceswere not impacted by the POS signs
we tested, whereas two previous studies found that adults
reduced their preference for SSB in response to similar inter-
ventions(26,40). Future research could examine teens’
responses to SSB health messaging that appeals to immedi-
ate, reward-related drivers of drink choices to test whether
this is more impactful than messaging focused on health
or nutrition information alone. Testing Australian teens’
responsiveness to price-related interventions (e.g. simulat-
ing an SSB tax) would also be useful, since data from coun-
tries with an SSB tax show such policy reduces sales and
consumption of SSB, while increasing consumption of

Table 3 Participants’ cognitive and emotional responses to point-
of-sale signs

Sugar content
(n 309)

Health Star
Rating
(n 307)

Mean SD Mean SD

Cognitive responses
Easy to understand 6·15* 1·15 5·93 1·28
Believable 5·77 1·29 5·67 1·33
Relevant to me 5·25 1·59 5·01 1·57
Made me stop and think 5·35** 1·63 4·98 1·52
Would talk to others about 4·92*** 1·71 4·44 1·78
Taught me something new 5·57*** 1·60 5·09 1·62
Convincing 5·65** 1·36 5·34 1·44
Made strong argument 5·71*** 1·56 5·28 1·61
Made me feel concerned 5·30*** 1·55 4·53 1·61
Effective 5·55*** 1·42 5·12 1·47
Exaggerated 2·72 1·65 2·79 1·59

Emotional responses
Confused 2·19 1·43 2·33 1·62
Surprised 4·58* 1·86 4·28 1·82
Reassured 3·50 1·68 3·93** 1·62
Worried 3·92** 1·83 3·46 1·70
Bored 2·58 1·57 2·92* 1·83
Encouraged 4·38 1·69 4·36 1·66
Amused 2·79 1·73 2·80 1·75
Disgusted 3·95*** 2·01 3·17 1·81
Guilty 3·85 1·97 3·57 1·81
Anxious 3·15* 1·76 2·82 1·69

Motivation
To reduce own sugary drink
consumption

5·11 1·61 4·88 1·59

Boldfaced figures highlight where a point-of-sale sign produced a stronger response
among participants than the other sign. Differences were assessed using
independent samples t tests. *P< 0·05; **P< 0.01; ***P< 0·001.
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healthier alternatives(57). It would be useful to assess motives
underlying drink choices following intervention exposure.

Conclusions and implications
This study tested adolescents’ responses to graphic POS signs
summarising nutritional information about SSB, and whether
prior exposure to a public health campaign about SSB influ-
enced preferences. Of the POS signs tested, SC performed
better than theHSR onmost beliefs and perceptions, although
neither promoted reducedpreference for SSB in the simulated
purchasing task. While SC messaging outperformed the HSR
in promoting beneficial changes in beliefs and emotions
known to underlie behaviour change, we could bemore con-
fident in the capacity of this message format to assist with
teen-targeted obesity prevention efforts if behavioural effects
were found. As evidenced by the international research on
SSB health warnings and nutrient warnings(29), this study fur-
ther highlights the need for research testing effects of SSB POS
interventions in ‘real world’ retail settings, where actual pur-
chasing behaviour can be assessed. In contexts where such
interventions have nowbeenmandated, these data are begin-
ning to emerge. For example, longitudinal evidence from
Chilé demonstrated that purchases of SSB declined signifi-
cantly following implementation of laws requiring FOPwarn-
ing labels and restrictions on child-directed marketing for
unhealthy foods and drinks(58). However, in contexts where
these interventions are absent, or inconsistently implemented
(as is the case in Australia for the HSR), intervention impacts
can only feasibly be assessed in smaller experimental trials.
National surveys of Australian adults show strong public sup-
port for government action around SSB, with around 90% of
those surveyed supportive of text warning labels on drink
containers and government campaigns warning of adverse
health effects of SSB consumption(59). Available evidence sug-
gests such interventions highlighting health harms of SSB at
the POSmay bemore impactful than those that only highlight
nutritional information. So long as Australian teenagers con-
tinue to be bombarded with SSB product marketing(60–64),
with no nationally mandated POS interventions providing
them with salient, consistent health and nutrition information
about SSB, it is likely their high consumptionof these products
will persist. Stronger public health action and interventionwill
be required to curb adolescents’ SSB consumption and realise
the associated health benefits among this important popula-
tion sub-group.
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