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Abstract

Background

Evidence of the effects of front-of-pack added sugar labelling remains limited, especially for
foods other than sugary drinks. More information is needed about which labels are likely to
be most effective in reducing intended purchases of products with higher added sugar con-
tent in realistic contexts to inform policymakers’ decisions.

Objective

To determine the impact of added sugar labels on intended purchases of high sugar break-
fast cereals, yoghurt, and non-alcoholic beverages.

Methods

Australian parents who were regular purchasers of relevant product categories completed
an online parallel randomised controlled trial from 31 August 2020 to 13 February 2021. Par-
ticipants selected their intended purchase from 10 products in each of packaged beverages,
breakfast cereal, and yoghurt categories after randomisation to one of seven added sugar
labelling conditions in current use or under consideration by the Australian Government.
Logistic regressions assessed differences between intervention and control conditions in
the odds of intended purchases of a high sugar product.

Results

2825 eligible participants were randomised with 2582 valid surveys analysed (Control n =
367; ‘Nutrition Information Panel (NIP) with Added Sugar’ n = 364; ‘Teaspoons of Sugar’ n =
369; ‘Warning’ n = 371; ‘Health Star Rating (HSR) using Total Sugar’ n = 368; ‘HSR with
Added Sugar’ n = 371; ‘Sugar in the Ingredients List’ n = 372). No consistent effects were
found on intended purchases of high sugar products overall or within product categories for
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any of the tested labels compared to controls (overall, ‘NIP with Added Sugar’: OR 1.00
[95%CI 0.83,1.20]; ‘Teaspoons of Sugar’: 0.94[0.80,1.11]; ‘Warning’: 1.10[0.93,1.30]; ‘HSR
with Total Sugar’: 1.01[0.85,1.21]; ‘HSR with Added Sugar’: 1.09[0.92,1.30]; ‘Sugar in the
Ingredients List: 1.01[0.85,1.21]).

Conclusions

Findings reinforce the importance of ensuring nutrition labelling policies are introduced as
part of a suite of interventions to influence both consumer and manufacturer behaviour.

Trial registration

Australian New Zealand Clinical Trials Registry, ACTRN12620000858998. Registered 28
August 2020, https://anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=
12620000858998.

Introduction

Free sugars are ubiquitous in the food supply, occurring naturally in many foods as well as
being added by food manufacturers [1]. Free sugars, particularly in the form of sugar-sweet-
ened beverages, provide little nutritional value and increase risk of noncommunicable diseases,
including obesity, cardiovascular disease, diabetes, and certain cancers [2, 3]. ‘Free’ sugars
include ‘added’ sugars—sugars added to foods and beverages by the manufacturer, cook, or
consumer—plus sugars naturally present in honey, syrups, and fruit juices and fruit juice con-
centrate [1]. Free sugars are distinct from ‘intrinsic’ sugars which are present in whole fruits
and vegetables, and ‘milk’ sugars present in dairy products, for which there is minimal evi-
dence of adverse outcomes [4]. Over half of Australians (52%) [5] exceed the World Health
Organization (WHO) recommendation for added sugars of <10% of energy intake [1].

The WHO has repeatedly recommended nutrition labelling as part of a suite of measures to
prevent non-communicable disease [6]. Over 30 governments globally have introduced a
Front-of-Pack (FOP) nutrition label [7] including, (i) display of individual nutrients of con-
cerns such as saturated fat, added sugar, and sodium; (ii) warning labels, where the FOP label
is present if the product has high content of a nutrient of concern; and (iii) summary labels,
such as a tick or stars [8]. As most shoppers spend a few seconds at most examining food labels
before making a decision, labels must be clear and easy to understand [9]. While there is
empirical evidence that increased nutrition knowledge increases dietary quality [10], there is
no current requirement for packaged foods in Australia to display added sugars content, either
in the mandatory nutrition information panel (NIP) on the side or back-of-pack (BOP), or as
a voluntary FOP label. Evidence suggests that the NIP in its current form does not influence
individual dietary quality [11].

Research has demonstrated that FOP nutrition labels outperform other nutritional labels in
improving consumers’ ability to find and use nutritional information in purchasing decisions
[12-17]. FOP labels can help consumers identify healthier products and improve the healthi-
ness of their hypothetical choices in online surveys [8, 10, 15-18]. A recent systematic review
revealed that there is moderate to strong evidence from laboratory trials that FOP added sugar
warning labels reduce intended purchasing of less healthy beverages [15]. The review found
that graphic warning labels on sugary drinks were more effective than text-based labels at
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reducing preference for, and intention to purchase, a sugary drink. Evidence of the effects of
FOP added sugar labelling for foods other than sugary drinks and differential effects across
food product categories remains limited. There is also limited evidence from online rando-
mised control trials (RCT) that have used realistic label sizing without artificially drawing
attention to FOP labels.

Added sugar labelling options are under active consideration by several countries. Food
Standards Australia New Zealand (FSANZ) is currently reviewing different FOP and BOP
added sugar labelling options [19]. To inform policy makers’ decisions, more information is
needed about which labels are likely to be most effective in reducing intended purchases of
products with higher added sugar content in realistic contexts.

This study aimed to determine the impact of a range of added sugar labels on intended pur-
chase of selected high sugar breakfast cereals, yoghurt, and non-alcoholic packaged beverages.
We hypothesised that there would be no difference between intervention label conditions and
control conditions in the intended purchases of high sugar products. Our findings supported
this null hypothesis, with no consistent differences found in purchases of high sugar products
across food product categories for any label tested.

Materials and methods
Trial design

The study was a parallel online RCT. Online RCT's are useful for testing policies that are

not yet implemented in the real world, and to test the relative effectiveness of different
scenarios [20]. The trial protocol was registered with the Australian and New Zealand Clinical
Trials Registry (https://anzctr.org.au/Trial/Registration/TrialReview.aspx? ACTRN=
12620000858998). See S1 File Application for ethical approval and S2 File Protocol and analy-
sis plan. This study is reported as per the Consolidated Standards Of Reporting Trials (CON-
SORT) guideline (S3 File CONSORT ChecKlist). The original study design planned for two
trials, using sample size calculations derived from a similar prior study [21], with “Trial 1’ rep-
resenting the procedure described in this publication, and “Trial 2’ planned to test the effects of
displaying multiple labels at once. Recalculated power calculations following initial Trial 1
recruitment indicated a larger sample size would be required for adequate power (see Sample
Size), so the research team made the decision to use the remaining resources to focus on addi-
tional participant recruitment for what was originally planned as “Trial 1".

Participants

Eligible participants (i) were Australian residents aged >18 years; (ii) had access to a computer
and internet connection; (iii) were regular (at least once a month) purchasers of non-alcoholic
pre-packaged beverages, breakfast cereal, and yoghurt for themselves or their household; (iv)
completed at least one supermarket shop per month for their household; and (v) lived with at
least one child aged <18 years. Participants were recruited through an online panel provider
and were rewarded to the equivalent of <AUS$6 on survey completion.

We set a quota of 50% regular ‘high sugar purchasers’ and 50% ‘low sugar purchasers’ to
provide a balance of responses between those whom an added sugar labelling policy is pre-
dominantly intended to influence, compared to those whose purchases have less scope for
improvement. Participants were asked to select products they purchase at least once a month
for themselves or their household from a range of generic options in three product categories:
non-alcoholic packaged beverages (hereafter ‘beverages’), breakfast cereals, and yoghurts and
custards (hereafter ‘yoghurts’). If a participant selected one or more ‘high’ sugar product in
each category, they were considered a ‘high’ sugar purchaser. ‘High’ sugar products were
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classified using the UK Nutrient Profiling Model thresholds (foods >6.25g added sugar/100g;
beverages >3.13g/100mL) [22].

Interventions

Eligible participants were randomised to one of seven labelling conditions in Qualtrics survey
platform (Qualtrics, Provo, UT). Each condition included three hypothetical purchasing tasks:
one each for beverages, breakfast cereals, and yoghurts. Example choice sets for each product
category are shown in S4 File Example choice task for each food category (due to copyright
restrictions branded food product labels are replaced with generic examples in the publica-
tion). Each task consisted of selecting between 10 products, labelled with one of seven labelling
options currently used in Australia or internationally or under consideration by the Australian
Government (Fig 1). In each choice task, participants could choose not to purchase any option
presented. Warning labels were displayed on products high in added sugars only. All other
labels were displayed on every product in the choice task. All labelling conditions (except for
the control) also included a BOP NIP with added sugar content. The control condition was the
status quo NIP without added sugar content and ingredients list on BOP.

The Health Star Rating (HSR) is Australia’s voluntary government-endorsed FOP summary
nutrient label, which indicates the healthiness of products from 0.5 (least healthy) to 5 (healthi-
est) stars based on beneficial and risk nutrient content per 100g [23]. We tested two versions
of the HSR algorithm. The first HSR algorithm (‘HSR with Total Sugar’) was under consider-
ation by the Australian government at the time of the RCT (later adopted) with harsher penali-
sation for the total sugar content of products [24]. The second version of the HSR algorithm
(‘HSR with Added Sugar’) has been advocated for by public health groups and scores foods
based on added sugar content, rather than total sugars [24].

Selection of food products for testing

We examined the relative effectiveness of the different labels for beverages, breakfast cereals,
and yoghurts. These food groups make a significant contribution to Australians’ energy intake
[5] and there is a wide variation in added sugar content within each product range.

Branded food products were used to increase choice task realism for participants. Food
product selection for testing was based on (i) brands available at the two major Australian
supermarket chains (Coles and Woolworths) online; (ii) a variety of flavours and product sub-
categories, e.g., cereal flakes, cereals with added fruit etc.; and (iii) providing a range of added
sugar contents. Milk drinks were excluded as they are not usually available in the unrefriger-
ated beverages section, where the hypothetical choice was being made. A full list of included
products and their nutritional content is found in S5 File.

Calculating added sugar content

For the purposes of this study, ‘added sugar’ was defined using the WHO definition of ‘free
sugar’, provided in the introduction [1]. Labels within the choice experiment referred to
‘added sugars’, in line with preferred terminology in the Australian Government consultation
on added sugar labelling [19].

The AUSNUT food composition database [25, 26] and a standard protocol [26] were used
to determine the added sugar content of branded yoghurts and breakfast cereals. If the ingredi-
ents list included sources of added sugars only and no other sugars, then the total sugars were
considered to be all added sugars. If the ingredients list included a mixture of added sugars
and intrinsic sugars then we calculated added sugar content as a percentage of total sugars
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Condition A: ‘Control’- current
NIP without added sugar
information (BOP)

Condition B: ‘NIP with Added
Sugar’ information (BOP)

Condition C: ‘Teaspoons of
Sugar’ - Pictorial approach to
convey the amount of sugars in a
serving of food (FOP)

Condition D: ‘Warning’- Chilean-
style advisory label for foods high
in added sugars (FOP)

Conditions E and F: ‘Health Star
Rating with Total Sugar’ and
‘Health Star Rating with Added
Sugar’ (FOP)

Condition G: ‘Sugar in
Ingredients List’- Change to
statement of ingredients to
asterisk ingredients with added
sugar (BOP)

NUTRITION INFORMAITON |

Servings per package: 5

Serving size: 250ml

Av. Quantity Per Serving Per 100ml

Energy 196K)J 78KJ

Protein 0g 0g

Fat total 0g 0g

- Saturated 0g 0g

Carbohydrates 11.5g 4.6g

- Total sugars 11.5g 4.6g

Dietary Fibre 0g 0g

Sodium 8mg 3mg

NUTRITION INFORMAITON

Servings per package: 5

Serving size: 250ml

Av. Quantity Per Serving Per 100ml

Energy 196K)J 78K)J

Protein 0g 0g

Fat total 0g 0g

- Saturated 0g 0g

Carbohydrates 11.5g 4.6g

- Total sugars 11.5g 4.6g
Added sugars 11.5g 4.6g

Dietary Fibre 0g 0g

Sodium 8mg 3mg

This product
contains
16 teaspoons of
added sugar

¥
i’

HEALTH STAR
RATING

Ingredient list: Carbonated water, high fructose corn
syrup*, citrate acid, natural flavours, sodium citrate,
sodium benzoate

*sugar-based ingredients

Fig 1. Examples of intervention labels used in the RCT. BOP, displayed on the Back-of-Pack; FOP, displayed on the
Front-of-Pack; NIP, Nutrition Information Panel. Health Star Rating trademarks are owned by the Commonwealth of
Australia. Further information on the Health Star Rating can be found at www.healthstarrating.gov.au.

https://doi.org/10.1371/journal.pone.0271435.9001
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content, based on the percentage added sugar content of a similar generic product in the AUS-
NUT database [25].

To calculate the number of teaspoons of sugar per serve, we assumed approximately 4
grams sugar was equivalent to 1 teaspoon. To calculate the modified ‘HSR with Added Sugars’
using added sugars instead of total sugars, we used a revised points scale based on a dietary tar-
get of <10% energy intake from added sugar per day (<52g/day), as proposed during the
recent HSR algorithm review [27].

Survey procedure

Following the RCT, participants completed sociodemographic questions including age, gen-
der, postcode (used to determine area level socioeconomic disadvantage), educational attain-
ment, height and weight (used to determine body mass index (BMI)), and household income
and size (used to determined equivalized household income) (S6 File Participant survey ques-
tions). Other questions examined participant stated changes in purchasing behaviour under
different labelling conditions, understanding of the health risks of sugary drink consumption,
and agreement with different communication messages to engage consumers in added sugar
labelling policies (using 5-point Likert scales from “strongly agree” to “strongly disagree”).

Outcomes

The primary outcome was the difference between intervention and control conditions in the
proportion of participants that intended to purchase a high sugar product, for each product
category. The ‘no product’ intended purchase was grouped with ‘low sugar’ product intended
purchases for analysis. Secondary outcomes included differences in added sugar content (g/
100g), and nutrient profile of products using ‘HSR with Total Sugar’ (from 0.5 to 5), the HSR
algorithm later adopted as policy.

Sample size

A sample size of 2,464 participants (352 participants for each of 7 treatment groups) was esti-
mated to detect a 13% absolute difference in percentage participants selecting a high sugar
product between intervention and control conditions (B = 0.80; o. = 0.0083; Bonferroni adjust-
ment for comparisons of 6 intervention conditions to control).

Randomisation and blinding

Assignment of participants to labelling conditions, order in which food product categories
were presented, and order of product options within each choice task, were randomised using
simple randomisation sequences within the Qualtrics survey platform. It was not possible to
blind participants to their label condition. Participants were not aware of what the other label
conditions were.

Statistical analysis

We excluded participants with improbable responses (e.g., reported BMI <15 or >50kg/m?;
shopping for >10 children and adults).

We compared participant demographic characteristics across labelling conditions, using
chi squared tests. Equivalised household income was calculated by adjusting reported house-
hold income (using the mid-point of the reported income brackets) by the number of adults
and children in the household [28].
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For our primary analysis, we compared the difference in the odds of participants selecting a
high sugar product overall and for each product group, between each label condition com-
pared to the control condition, using logistic regression. Secondary continuous outcomes were
examined using linear regression for HSR and added sugar content of intended purchases (g/
100g). Analyses were adjusted for clustering to take account of repeated participants between
categories.

Descriptive statistics compared stated responses to added sugar labelling, understanding of
the health risks of sugary drinks, and policy preferences.

Statistical analysis was performed using Stata SE 17.0 (StataCorp, TX USA).

Ethical approval

Ethical approval was granted by Deakin University Faculty of Health, Human Ethics Advisory
Committee (reference number HEAG-H 115_2020). Participants provided informed consent,
indicated by clicking the statement “I have read the plain language statement and I agree to
participate” before continuing to the online survey.

Results

2825 participants began the survey from 31° August 2020 to 13 February 2021 (Fig 2) when
target sample size was reached. 2582 participants were included in the final analysis (364 to
371 participants per labelling condition). Compared to those included in the analysis, the 243
excluded participants were more likely to be men, have a higher household income, be
employed full time, and trying to lose weight (all p<0.05; Table A in S7 File).

5 P
é ﬁszsfzsggg)for eligibility Did not meet inclusion criteria (n=32255)
\I:I/ Declined to participate (n=3408)
& Did not meet quota for usual sugar content of purchases (n=3592)
E | Randomised (n=2825) |
=
5 |
v v v v v v v
Control ‘NIP with Added ‘Teaspoons of ‘Warning’ ‘HSR with Total ‘HSR with Added ‘Sugar in
- Sugar’ Sugar’ Sugar' Sugar’ Ingredients List’
Q Allocated to Allocated to
Q intervention Allocated to Allocated to intervention Allocated to Allocated to Allocated to
i (n=382) intervention intervention (n=387) intervention intervention intervention
= ) (n=373) (n=541) ) (n=379) (n=380) (n=383)
S -Received allocated -Received allocated
§ intervention (n= -Received allocated -Received allocated intervention -Received allocated -Received allocated -Received allocated
e} 382) intervention intervention (n=387) intervention intervention intervention
< (n=373) (n=541) (n=379) (n=380) (n=383)
-Analysed (n=367) -Analysed (n=364) -Analysed (n=369) -Analysed (n=371) -Analysed (n=368) -Analysed (n=371) -Analysed (n=372)
. -Excluded from -Excluded from -Excluded from -Excluded from -Excluded from -Excluded from -Excluded from
o analysis (n=15); analysis (n=9); analysis (n=172); analysis (n=16); analysis (n=11); analysis (n=9); analysis (n=11);
2 1 did not complete 1 did not complete 1 did not complete 4 did not complete 2 completed the 1 did not complete 2 did not complete
. RCT component; RCT component; RCT component; RCT component; survey in <3 RCT component; RCT component;
s 2 completed the 8 improbable 143 viewed 2 completed the minutes; 2 completed the 9 improbable
2 survey in <3 responses incorrect images, survey in <3 9 improbable survey in <3 responses
© minutes; 1 completed survey minutes; responses minutes;
< 12 improbable in <3 minutes, 10 improbable 6 improbable
responses 27 improbable responses responses
responses

Fig 2. CONSORT flow diagram. HSR, Health Star Rating; NIP, Nutrition Information Panel; RCT, Randomised Controlled Trial. 143 subjects who were
allocated to the “Teaspoons of Sugar’ labelling condition were assigned to a version with an error in the images and were excluded from the analysis. Additional
participants were recruited for this label.

https://doi.org/10.1371/journal.pone.0271435.9002
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57.8% of included participants were female, 64.0% were aged >36 years, 54.3% had
attended university, 66.3% lived in an area of low socioeconomic disadvantage, 60.1% were
trying to lose weight, and 54.4% reported height and weight equivalent to a BMI >25kg/m” (in
the overweight or obese category). No significant differences in demographic characteristics
were found between intervention and control conditions (Table 1). Demographic characteris-
tics by sugar content of usual purchases are shown in Table B in S7 File.

Across all conditions, a small proportion of participants elected not to purchase any of the
available items in each product category (beverages: 5.32% selections; breakfast cereals: 2.52%;
yoghurts: 4.73%). These were grouped with low sugar’ products for analysis. Five participants
selected ‘no product’ for every product category.

Effect of added sugar labels on probability of purchasing a high sugar
product

Across all product categories combined, 42.0% [95%CI 39.0, 45.1%] of participants in the con-
trol condition selected a high sugar product, with the highest proportion of participants select-
ing a high sugar product for beverages (58.3%; 95%CI 53.3, 63.4%), followed by yoghurts
(34.9%; 95%CI 30.0, 39.8%), and breakfast cereals (33.0%; 95%CI 28.1, 37.8%). No significant
effects were found for any intervention condition compared to control condition overall
(Table 2, full analysis output in Table C in S7 File). In the beverage category, the odds of

Table 1. Participant demographic characteristics across labelling conditions.

Characteristics

Total Control
(n=2582) |(n=367)

Gender (base: man)

Woman 1471 (57.8) | 205 (56.5)
Age (years) (base: 18 to 35 years)

36 years or older | 1641 (64.0) | 236 (64.7)

n (%)
NIP with Added |Teaspoons of Warning HSR with Total |HSR with Added |Sugar in Ingredients
Sugar (n = 364) Sugar (n = 369) (n=371) Sugar (n=368) |Sugar (n=371) List (n =372)
201 (56.2) 235 (64.4) 209 (57.7) 206 (56.6) 217 (59.5) 198 (53.8)

232 (64.3) 234 (63.6) 233 (63.8) 236 (64.5) 244 (66.1) 226 (60.8)

Educational attainment (base: less than university)

University 1394 (54.3) | 202 (55.3)

195 (54.0) 195 (53.0) 185 (50.7) 216 (59.0) 207 (56.1) 194 (52.2)

Equivalised household income per week (AUD) (base: <$899) *

>$899 999 (38.7) 144 (39.2)

141 (38.7) 130 (35.2) 144 (38.8) 144 (39.1) 154 (41.5) 142 (38.2)

Employment (base: employed less than full-time)

Employed full- 1369 (53.4) | 203 (55.6)
time

181 (50.1) 180 (48.9) 212(57.8) | 202 (55.2) 187 (50.7) 204 (54.8)

Usual sugar purchasing patterns (base: low sugar)

185 (50.8) 178 (48.2) 196 (52.8) 192 (52.2) 188 (50.7) 194 (52.2)

Socioeconomic Index for Areas (SEIFA) (base: high socioeconomic disadvantage)

High sugar 1322 (51.2) | 189(51.5)
Low 1693 (66.3) | 242 (66.3)
disadvantage

230 (63.9) 236 (64.1) 240 (66.1) 247 (68.2) 246 (67.4) 252 (68.1)

Weight loss goals (base: trying to maintain weight or do not have a goal)

Trying to lose 1471 (60.1) | 208 (60.6)
weight

214 (63.1) 205 (58.9) 200 (56.5) 212 (60.2) 222 (63.1) 210 (58.2)

Body Mass Index (base: Body Mass Index <25 kg/m?) ®

BMI >25 kg/m?> | 953 (54.4) | 135 (54.0)

129 (52.0) 124 (51.0) 137 (54.4) 136 (54.8) 152 (58.5) 140 (55.6)

HSR, Health Star Rating; NIP, Nutrition Information Panel. There were no significant differences in characteristics between labelling conditions (all p>0.05).

* Adjusted for number of adults and children in a household.

> 829 participants did not know or elected not to disclose their height and/or weight.

https://doi.org/10.1371/journal.pone.0271435.t001
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Table 2. Effect of added sugar labels on selection of a high sugar product, by food category (n = 2582).

Label Odds Ratio [95% CI]

Overall ® Product category

Beverages (n = 2582) Breakfast cereal (n = 2582) Yoghurts (n = 2582)

Base: A: Control Ref Ref Ref Ref
B: Nutrition Information Panel with Added Sugar 1.00 [0.83, 1.20] 0.61 [0.46,0.82] ® 1.17 [0.86, 1.59] 1.40 [1.04, 1.89] ¢
C: Teaspoons of Sugar 0.94 [0.80, 1.11] 0.73[0.54,0.97] 0.99 [0.73, 1.35] 1.17 [0.87, 1.58]
D: Warning 1.10 [0.93, 1.30] 0.88 [0.66, 1.18] 1.15 [0.85, 1.56] 1.30 [0.96, 1.75]
E: HSR with Total Sugar 1.01 [0.85, 1.21] 0.76 [0.57, 1.02] 1.22 [0.90, 1.65] 1.13 [0.84, 1.53]
F: HSR with Added Sugar 1.09 [0.92, 1.30] 0.84 [0.63, 1.12] 1.35 [1.00, 1.82] 1.17 [0.87, 1.58]
G: Sugar in the Ingredients List 1.02 [0.85, 1.21] 0.81 [0.61, 1.09] 1.19 [0.88, 1.06] 1.13 [0.83, 1.52]

HSR, Health Star Rating.

# Analysis adjusted for clustering to take account of repeated participants between categories.
®p=0.001

©p=0.032

4p=0.027

https://doi.org/10.1371/journal.pone.0271435.1002

selecting a high sugar product were significantly lower than the control condition in the NIP
with Added Sugar’ label (OR: 0.61; 95%CI 0.46, 0.82) and ‘Teaspoons of Sugar’ label (OR: 0.73;
95%CI 0.54, 0.97) conditions (Table D in S7 File). No significant differences in the odds of
selecting a high sugar beverage were found between the control and any other labelling
condition.

In the breakfast cereal category, no significant differences in the odds of selecting a
high sugar cereal were found between the control and any labelling condition (Table E in
S7 File).

In the yoghurt category, the ‘NIP with Added Sugar’ was associated with higher odds of
selecting a high sugar yoghurt, compared to the control condition (OR: 1.40; 95%CI 1.04, 1.89)
(Table F in S7 File). No significant differences in the odds of selecting a high sugar yoghurt
were found between the control and any other labelling condition.

Effect of added sugar labelling options on added sugar content of intended
purchases

Mean added sugar content of intended purchases in the control condition was 6.44 [95%CI
6.02, 6.85]g/100g. There were no differences between labelling and control conditions in
added sugar content of intended purchases, overall (Table G in S7 File).

In the beverage category, the ‘NIP with Added Sugar’ label and “Teaspoons of Sugar’ label
were associated with 2.35 [95%ClI -3.92, -0.78]g/100mL and 1.68 [95%ClI -3.24, -0.11]g/100mL
lower added sugar content of beverage purchases compared to the control condition, respec-
tively. There were no differences in the added sugar content of beverage purchases between
the control condition to any other intervention condition (Table H in S7 File).

In the breakfast cereal category, the ‘HSR with Added Sugar’ condition was associated with
0.38 [95%CI +0.01, +0.75]g/100g higher added sugar content of purchases compared to the
control condition. There were no differences in the added sugar content of cereal purchases
between the control and any other labelling condition (Table I in S7 File).

In the yoghurt category, no significant differences were found in added sugar content of
purchases between the control and any other labelling condition (Table J in S7 File).
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Effect of added sugar labelling options on Health Star Rating of intended
purchases

Mean HSR of purchases in the control condition was 3.58 [95%CI 3.52, 3.65]. There was no
difference between labelling and control conditions in HSR of intended purchases overall
(Table K in S7 File).

In the beverage category, the ‘NIP with Added Sugar’ label was associated with 0.29 [95%CI
+0.07, +0.50] higher mean HSR of purchases compared to the control condition. There were
no differences in the HSR of beverage purchases between the control and any other labelling
condition (Table L in S7 File).

In the breakfast cereal category, no significant differences were found in the HSR of pur-
chases between any intervention and the control condition (Table M in S7 File).

In the yoghurt category, the ‘Sugar in Ingredients List’ label was associated with 0.18 [95%
CI -0.32, -0.04] lower mean HSR of purchases. There were no differences in the HSR of
yoghurt purchases between the control and any other labelling condition (Table N in S7 File).

Participant stated added sugar labelling and policy preferences

No difference was found between label treatment and knowledge of the risk of any adverse
health outcome associated with drinking sugary drinks. The most common minimum number
of Health Stars considered healthy was 4.0 (32.8% participants), followed by 3.5 (16.7%) and
3.0 (16.3%).

Most respondents stated they would change their purchases in response to each proposed
sugar labelling option (range 67.6% (‘Sugar in Ingredients List’) to 87.3% (‘Teaspoons of
Sugar’)). For the ‘NIP with Added Sugar’ (25.3%) and ‘Sugar in Ingredients List’ (19.5%), the
most frequent stated response was to “find a lower sugar alternative”. For the ‘Warning’ label
(25.5%), “Teaspoons of Sugar’ (25.6%) and HSR (25.5%) the most frequent response was to
“stop purchasing the item” (Table O in S7 File).

Most respondents agreed or strongly agreed with all proposed policy framings including
“Government should require stricter standards to ensure that food corporations clearly iden-
tify high sugar levels in products” (82.0%), “Consumers need more information to make
informed decisions about healthy food products” (81.5%), “We need to set higher standards
for how the food industry labels the food we eat” (84.5%), and “We need more nutrition infor-
mation on food labels so consumers can make the right choices” (82.5%) (Table P in S7 File).

Discussion

This RCT with 2582 Australian parents found no impact of any of six added sugar labels on
the intended purchases of selected high sugar beverages, breakfast cereals or yoghurts, or on
added sugar content or HSR of purchases. Significant but inconsistent effects were found for
some labels within some food product categories.

Previous evidence on the influence of added sugar labels on food and beverage purchases
varies with label content and format. A recent meta-analysis of real-world and hypothetical
RCTs and quasi-experimental studies [18] found semi-interpretive labels to be more effective
than non-interpretive labels in influencing packaged food choice. In contrast to our findings,
large effect sizes were found for warning signs (6 studies; standardized mean differences -0.24
[95%CI -0.35, -0.13]) and teaspoons of sugar labels (2 studies; -0.32 [95%CI -0.48, -0.17]). No
effect on intended purchases was found for labels using the guideline daily amount (3 studies)
or HSR (2 studies). However, labels were noted to have a greater effect on consumers’ under-
standing of sugar content than on the healthiness of choices. Recent findings suggest that
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graphical tobacco-style pictorial labels may be more effective than text- or icon-based warnings
among parents [29] and young adults [21]. No jurisdictions currently require such pictorial
warning labels, and the current study chose to focus on policy-relevant labels under consider-
ation by the Australian government.

Our findings of inconsistent effect of added sugar labels on sugar content of purchases
across different food categories were unexpected. It is unclear from the previous literature how
the impact of labels on food choices may differ by food product category. Two real-world
4-week RCTs used smartphone apps to enable study participants to scan product barcodes to
receive interpretive or non-interpretive nutrition labels in Australia [30] and in New Zealand
[31] and found no effect on healthiness of food purchases in any food category compared to
control NIP condition. A recent online RCT with European adults aged 18 to 34 years found
an interaction of food label and product category on probability of selecting low, medium, and
high sugar products when comparing a traffic light label to pictures of numbers of teaspoons
across smoothies, yoghurts and ready-meals categories [32]. This aligns with our study, where
some labels improved the healthiness of choices in the beverage category but worsened the
healthiness of yoghurt and breakfast cereal choices. These results may be due to random
chance or may reflect complex consumer behaviour, and potential unintended consequences
of added sugar labelling. For example, the use of a warning label to highlight both yoghurts
and custards ‘high in added sugar’ means that products readily recognised by consumers as
less healthy, such as custards, are labelled similarly to products that consumers perceive to be
healthy, such as flavoured yoghurts, potentially causing consumer confusion. These findings
highlight the need for more in-depth consumer testing of proposed labels, including ‘think
aloud’ techniques to understand the consumer decision-making process [33].

The heterogeneity in effects on intended or actual customer purchases between studies may
also relate to the emphasis given to labels, such as absolute and relative label size in laboratory
versus real-world settings, other information provided on the pack, and distractions in the
choice environment, such as the overwhelming visual and auditory distractions in a supermar-
ket. Our labels were smaller (and arguably more realistic) than have been tested in some previ-
ous studies [21]. Similar to our findings, a recent natural experiment in a real-world Dutch
supermarket chain found that industry-designed on-shelf labels indicating the sugar content
of non-alcoholic beverages using a colour-coded system (blue [lowest sugar content], green,
yellow, amber [highest sugar content]) did not affect sales [34].

Most participants stated they would change their purchasing habits in response to each
tested labelling condition, in contrast to the results of the RCT. A 2017 report on the imple-
mentation of the HSR system including a survey of 2000 Australian consumers [35] found that
43% consumers reported looking at the NIP on all or most food products while at the super-
market. Thirty percent reported they would use HSR to compare products. Other consumer
surveys have reported approximately 70% consumers using each NIP and ingredients list
when purchasing products for the first time [36]. However, we are not aware of any direct
observational data on how frequently consumers use existing labels, or how that information
may affect their purchasing decisions in real-world settings. The Starlight RCT in New Zealand
found that labels were viewed for 23% of all purchased products, though frequency of viewing
decreased over the 4-week RCT [37].

FOP nutrient labelling alone may not provide sufficient incentives for consumer beha-
vioural change in real-world settings. Real-world RCT's with single-label FOP interventions
have also failed to find impacts on purchasing [30, 31]. The observed contrast with consumers’
anticipated effects and reported desire to select healthier options, may reflect the highly com-
plex consumer choice environment [38]. There are currently multiple strong incentives for
consumers to pick less healthy alternatives, for example the visual stimulation of other on-
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pack marketing [39]. There is widespread acknowledgment of the need to use multisector and
multicomponent interventions to incentivise and support healthier consumer purchasing. In
Chile, promising effects on the healthiness of consumer purchases associated with introduc-
tion of warning labels for products high in added sugar [40] are likely enhanced by concomi-
tant interventions, including taxes, educational campaigns and advertising restrictions.
Additionally, evidence suggests the HSR system introduction may have been associated with
manufacturer reformulation in Australia and New Zealand [41]; facilitating healthier intakes
without requiring changes in consumer behaviour.

Added sugar on food labels is essential to support these policies on added sugar content,
including healthy school food policies, taxation, and advertising restrictions. Evidence [42]
and guidance to governments [43] suggest FOP labelling schemes should be accompanied by
consumer education campaigns and targeting of population groups of concern including
those with low literacy and numeracy. Complementary strategies are needed to target different
contexts and consumer subgroups. For example, educational interventions (such as FOP
schemes) may be more effective amongst those with higher education levels [44]. Real-world
point-of-purchase trials and natural experiments exploring these comprehensive policy
approaches are needed to support government decision-making on effective multicomponent
approaches to improving dietary intake.

Strengths and limitations

This study is highly policy-relevant as we tested options for added sugar labelling currently
under consideration in Australia and New Zealand [19], focussed on food and beverage pur-
chases of parents, and included policy-relevant and common food product categories. The
experiment was limited by the hypothetical nature of the intended purchases. We did not
recruit participants to be representative of Australian population demographics, instead target-
ing adults with children in the home who were regular purchasers of packaged food product
categories of interest for added sugar labelling initiatives. Nevertheless, our sample was more
highly educated, more likely to be female, and had lower levels of area level disadvantage com-
pared to the general Australian population [45]. The proportion of Australian consumers regu-
larly purchasing high sugar products is currently unknown. This experiment was not powered
for stratification by participant demographic characteristics, such as usual sugar purchasing
patterns—this would have required almost 5000 participants, which was beyond the project
resources.

Conclusions

This online RCT found no consistent impact of a range of added sugar labels on the intended
purchases of selected high sugar packaged non-alcoholic beverages, breakfast cereals, and
yoghurts. Evidence suggests labels may be most effective as a part of a suite of interventions to
influence consumer and manufacturer behaviour indirectly. Our participants indicated high
support for all proposed policy framings for added sugar labelling, indicating that govern-
ments are unlikely to face consumer opposition if they take action to introduce added sugar
labelling as part of an integrated suite of complementary food policies.
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