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Providing information about the sugar content of packaged foods on product labels is an important strategy to lower consumers' sugar intake. This study assessed the effect of exposure to different sugar labels on consumers' understanding of the sugar content of foods and their food choices. In the first phase, five focus groups were conducted with a convenience sample of Brazilian adults to explore their perceptions about food labelling in general and sugar labelling in particular. Based on the qualitative results, four sugar label formats were developed and subsequently tested in a five-arm study on 1,277 adults via a randomised controlled online survey. The formats were: (i) no sugar information—control, (ii) total and added sugar content displayed in the Nutrition Information Panel (NIP), (iii) a front-of-package (FoP) octagonal warning for “high-in-sugar” products, (iv) a FoP magnifying glass warning for “high-in-sugar” products, and (v) a “high-in-sugar” warning text embedded on the NIP. Participants from the focus groups reported being confused about the meaning of “sugar” and “added sugar” on food labels and indicated that more interpretive labels, such as the FoP warnings, would help them choose products with low sugar content. In the experiment, all intervention sugar label formats improved participants' understanding of the sugar content of the tested food products, with the FoP warnings (iii and iv) showing the best results. While non-significant differences among label conditions were observed for food choices, the FoP octagonal warning prompted participants to choose high-in-sugar products less often. Given current public policy agendas aiming to reduce added sugar intake, there is a need to strengthen food labelling policies and nutrition disclosure policies that target the display of added sugar and build consumer awareness in using these tools to avoid high-in-sugar products.
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INTRODUCTION

Brazil, like many countries around the world, is facing the increasing burden of non-communicable diseases (NCDs) across its population (1, 2). Up to 4% of the global disease burden has been related to an unhealthy diet (3), making diet an important modifiable behavioural risk factor for NCDs. Of the several aspects of an unhealthy diet, the excessive consumption of sugar has been associated with the development or aggravation of several NCDs (4–6). “Sugars” is the generic name of a group of monosaccharides (glucose, galactose, and fructose) and disaccharides (sucrose, lactose, maltose, and trehalose). Colloquially, the term “sugar” is usually used to refer solely to sucrose or refined sugar—also known by table sugar (7). Sugars can be classified as intrinsic, added or free, and total for dietary purposes. Intrinsic sugars are found naturally within whole fruits, vegetables, dairy, and grains. Added sugars include sugars and syrups added during the processing of foods (such as sucrose or dextrose) (8). The definition of free sugar includes added sugars and further includes sugars found naturally within fruit juices and fruit purees of all concentrations. Total sugar include all sugar types (9). Further discussion around sugar definitions can be found elsewhere (7, 10). In Brazil, 64% of the adult population is eating more free sugar than recommended by the World Health Organization (WHO) (11), making the country the world's fourth-largest consumer of sucrose (12). Table sugar and sugary packaged foods are among the main sources of free sugars intake (13).

Following the recommendations in the WHO guidelines (9), many countries are considering regulations or public health policy measures aiming at lowering sugar intake in their population. Sugar labelling is located among these actions and has been gaining prominence in health agendas worldwide as a strategy to inform consumers about the sugar content of packaged foods. Countries such as the United States, Australia, New Zealand, and members of the European Union follow the Codex Alimentarius recommendation on food labelling, which states that total sugar content should be displayed on labels (14). Requirements for declaration of added sugar are now also being implemented in some countries. The United States, for example, required the inclusion of the amount of both total and added sugars in the nutrition facts panel by 2021 (15).

In Latin America, some countries have been establishing regulations on added sugar front-of-pack (FoP) warning labels to help consumers avoid high-in-sugar products. FoP labelling includes simplified information about nutritional content or health aspects of foods, and they are displayed on the front of the package to assist consumers make healthier food choices during their quick decision-making shopping process (16). In Chile, a FoP octagonal warning label stating “high-in-sugar” is mandatory for food products exceeding defined sugar content thresholds (17), and this same format has been implemented in Peru (18) and Uruguay (19) and approved to be implemented in Mexico (20).

In Brazil, 71% of the packaged food available for sale at the supermarket has at least one type of added sugar ingredient (21). However, it is not a requirement for total or added sugar contents to be displayed on labels as the listing of this information is not mandatory under Brazil's food labelling regulations from 2003—which is still enforced (22). In 2014, through The National Health Surveillance Agency (ANVISA—Agência Nacional de Vigilância Sanitária), the Brazilian Ministry of Health began debating the Brazilian food labelling regulation, including the implementation of a sugar label format. A preliminary report from this discussion reinforced the need to declare sugar on the back-of-pack Nutrition Information Panel (NIP) and to implement a FoP warning label for high-in-sugar products. At the time, a lack of evidence prevented ANVISA from deciding which format would be most effective to help Brazilian consumers identify sugar amounts through labels and discourage the selection of high-in-sugar foods (23). At the end of 2020, the Brazilian government announced the final changes for the food labelling regulation in Brazil. These changes included the mandatory declaration of total and added sugar content in grammes in the NIP and a FoP magnifying glass warning indicating that a product is high in sugar (24). The magnifying glass format was put forth by ANVISA and it seems to be based on discussions made by the government of Canada in 2017 (25), but without extensive evidence of this format efficacy on consumers' food choices (26). Although the changes in the Brazilian food labelling rules were published in 2020, food manufacturers are not mandated to apply these changes on the label of their products until October 2022. At the present point in time, the list of ingredients declared on the packages is the only mandatory information to consumers identify if a product has added sugar ingredients in its composition.

Studies investigating consumers' understanding of food labels and their influence on food choices in the Brazilian population are sparse (27–29), and they demonstrated a preference for labels in the form of FoP warnings. Given the gap in this area of research, this study focuses on sugar and provides additional information on consumer preference for the presentation of this information by exploring Brazilian consumers' responses to different sugar label formats. Specific study objectives include to: (a) explore consumer perceptions of what “sugar” means and which label features would help them to identify sugar ingredients in packaged foods; (b) compare the effectiveness of four different sugar label formats in improving consumers' understanding of the sugar levels in a set of products; and (c) evaluate the influence of the four label formats on consumers' food choices.



MATERIALS AND METHODS

A multi-method approach encompassing qualitative and quantitative phases was used to choose and test sugar label formats for packaged food products. Initially, focus groups were conducted with a convenience sample of young adult food-label users to explore perceptions of three pre-defined sugar label formats. The results were used to adapt the formats to be tested in a survey evaluating the influence of sugar label formats on consumers' understanding of the sugar content in packaged foods and food choices. These two data collection phases are described further below.


Qualitative Phase
 
Methods

Five focus groups were conducted in the city of Florianopolis (south Brazil) during June and July of 2019 with a convenience sample of 32 young adults (18–33 years). Young adults were chosen since they usually have a high intake of added sugar, mainly sourced from packaged food and beverages (13). Only participants who self-reported usually using food label information during their food shopping were included to ensure they had previous experience with the subject of this study. Rather than seek findings generalisation, this qualitative phase attempted to find examples of behaviours and clarify the thoughts and feelings of individuals with a previous experience of the phenomena of interest (food label use) in order to produce evidence for developing the quantitative phase of this study.

Focus group size ranged from four to nine participants, with a mean group size of six participants. The mean age was 23 years (±4.1), 50% of the sample was female, 75% were undergraduate students, and 31% had at least one dietary restriction (mainly in relation to lactose intolerance). Participants were recruited via posts on social media platforms for university study groups, flyers shared in the university campus, and snowballing among those registered for the study (i.e., participants who participate in the study were asked to invite relatives and friends to take part of the study). Individuals with training in nutrition were not included. Further details about the qualitative phase are available elsewhere (30).

The first author moderated all focus groups with the support of two observers who took notes. A semi-structured interview guide was developed based on the literature, including our previous systematic review investigating sugar labelling formats and consumers' understanding (31). The interview guide included open-ended questions that covered participants' perception of sugar (e.g., What do you understand by sugars? What do you think “total sugar” and “added sugar” declared on food labels mean?), food labelling use (e.g., What do you think about food labelling information?), and reactions (e.g., How would you identify if this is a high-in-sugar biscuit? Would this format assist you while choosing a food product?) to three different formats of food labels carrying information about sugar (Figure 1). The labels were fixed on real packages of a well-known brand of biscuit sold in Brazil. The order of presentation of the sugar label formats was from the least interpretative format (i), followed by some interpretation (ii), and, finally, the most interpretive one (iii). Participants had time to hold and observe the packages before they were invited to express their perceptions regarding the label formats, including how well they understood the information in each format and how useful this information would be for their food choices. The groups lasted from 45 to 70 min and were audio-recorded. The recordings were transcribed verbatim and imported into MAXQDA software (VERBI GmbH, Pty Ltd) for thematic analysis (32).
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FIGURE 1. Sugar label conditions used in the qualitative and quantitative phases. The ingredient list of each product was also provided during the survey. Formats (i), (ii), and (iii) were used in the qualitative phase. All formats were used in the quantitative phase. NIP, Nutrition Information Panel; FoP, Front-of-Package; DV, Daily Value.




Findings

Most of the participants demonstrated a low understanding of sugar and which names sugar is called on food labels. Almost all participants indicated they had never heard the term “added sugars” before, and many of them were confused when both “total sugar” and “added sugar” information was presented on food labels. Many participants were also confused about the differences between sugars and carbohydrates, and assumed that these terms were synonymous. There was a consensus among participants that food labels should provide clear and easy-to-understand information about sugar to support consumers' food choices.

Participants unanimously perceived the first format [(i) no information about sugar on the NIP] as being the least useful for food choices. Many participants mentioned that with this format, they rely only on the confusing and small-font-size list of ingredients to determine the presence of sugar in a product and that the names of some sugar ingredients were unfamiliar to them. The second format [(ii) total sugar and added sugar contents listed in the NIP] was preferred over the first format to provide information about the exact quantity of sugar in a food product and to compare products within the same food category. Although participants at first demonstrated confusion about the differences in “total sugar” and “added sugar” contents, they found the space gap included in the heading “added sugars” under the “total sugar” sugar beneficial to identify those sugars were part of the total sugar content.

“Now I understood the logic here, this space gap [talking about the gap space in the headings for total and added sugar contents] is to show us that the added sugars are part of the total sugars and all of them are part of the carbohydrates. I always thought all carbs were sugar, but since the contents of carbohydrates and sugars are different here [format 2], I can see they are not the same thing!” (Male, focus group 1).

When asked to evaluate if the biscuit had a high added sugar content, most participants experienced difficulty determining what constitutes “high” content only by looking at the total and added sugar content only. Some participants suggested including some kind of interpretation such as a “high-in-sugar” text close to the amount of sugar on the NIP for better understanding of the sugar content.

“I liked this format [format 2] because it gives me the information about the sugar content of this biscuit, but I think it would be good if they [food manufacturers] include some interpretation close to the sugar content to tell me “Caution, this is a high-in-sugar product”—that would help me as I don't know how to interpret the numbers here” (Female, focus group 4).

The NIP + octagonal warning label (iii) was chosen as the most useful to obtain consumers' attention and facilitate quick interpretation of a product's sugar content. Many participants believed that this format could help consumers demystify which products are high in sugar but also have a health halo (e.g., cereal bars and whole-grain biscuits). As the discussions evolved, many participants suggested that format (iii) would suit their needs for quantitative information about sugar (NIP) and a quick way to determine the sugar level of a product (warning) at the point of purchase, influencing their choice for lower sugar products. A few participants also indicated that any warnings or message on labels should be endorsed by the Health Ministry and that this endorsement should appears on labels. In addition, many participants felt that information voluntarily provided by the food industry is untrustworthy.

“For me, this format with a warning [format 3] would be the best as it gives me the information straight away (Male, focus group 2).

But if someone needs to compare two products, the best for me would also have the sugar content information on the back. Then, even if I am choosing between two high-in-sugar products, I can see which of them is lower in sugar and pick that one… or I would probably avoid both [laugh] (Female, focus group 2).”




Quantitative Phase
 
Label Conditions

For the quantitative phase of the study, the three label formats used in the qualitative phase [(i), (ii), and (iii)], and two more formats [(iv) and (v)] were included (Figure 1). Format (iv) was included because it was proposed by a public consultation for front-of-pack labels made by ANVISA which emerged in between the qualitative and quantitative phases of this study. This format includes a magnifying glass warning indicating when a product is high in sugar (Figure 1). Format (v) includes interpretive “high in” sugar text embedded in the NIP, which was suggested during the focus groups discussion. The two formats with FoP information [(iii) and (iv)] also had text saying “Ministry of Health of Brazil,” as suggested during the focus groups. The decision to test sugar labelling formats for both the FoP and the back of pack (NIP) labels was made to align with the changes in the Brazilian food label rules, which will include modifications in both sources of nutritional information on food packages. Three food categories (whole-grain biscuit, cereal bar, and yoghourt) were tested in the quantitative phase. They were selected because they are commonly available in Brazilian supermarkets, have brands with different sugar levels, and are often misperceived as healthy.



Study Sample

An online randomised controlled experiment was conducted in Portuguese over a period of 6 weeks between May and June of 2020. Participants were recruited from posts on social media platforms of university study groups, e-mail lists of consumer association groups across Brazil, and via snowball technique. To avoid the possibility of the same person taking the survey multiple times, IP address information from the device used by the participant to take the survey was collected and duplicate IP address were removed. A virtual link providing access to the survey hosted on the Qualtrics® platform was created and shared in the ads for this study. People were eligible to participate if they were 18 years or older, provided consented to participate, and had access to a computer or tablet with internet access. At the beginning of the survey, participants were asked to provide information on sex, age, region of residence, education level, self-reported weight and height, dietary restrictions, and self-estimated level of health awareness and nutrition knowledge. They were also asked to declare the frequency of purchase of the tested food categories on a four-point scale (“Always,” “Often,” “Sometimes” and “Never”). Those who responded “Never” to all the three food categories were excluded to ensure responses reflected real-world food choice behaviours. A total of 1,524 people accessed the survey, of whom 1,277 fit the eligibility criteria and completed the survey (Figure 2).
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FIGURE 2. Flowchart of the participants included in the study.




Study Design and Stimuli

For each food category, a set of three food products with different levels of added sugar was created (total of nine different products). Two of the three food products were high-in-sugar options, as defined by the parameters established by the Nutrient Profile Model of the Pan-American Health Organization (33). To approximate the task with a real-world food choice scenario, food products selected for this study were well-known brands available in Brazilian supermarkets. All products under the same food category had their nutrition information standardised to the same serving size to help consumers compare the products during the tasks.

Following the sociodemographic, lifestyle and nutrition-related questions, participants were randomly allocated to a single label format and asked to complete choice and understanding tasks. The image of the product's front panel was provided on the left-hand side of the survey screen, with the respective NIP formats presented on the right-hand side. Participants allocated on FoP label formats [label conditions (iii) and (iv)] saw this information incorporated directly into the products' image of the front panel, affixed at the same place in each package, covering the same area on the packages. The list of ingredients of all foods was also provided on the screen for the five label conditions. Participants had the option to zoom in on the images of the food products during the tasks. Any other nutritional information or quality indicators (e.g., nutrition claims) were digitally removed from the packages to avoid unduly influencing participants' perceptions of the food products. Examples of the stimuli used in the survey are displayed in Supplementary Figure S1.



Study Procedures

Participants saw the same food products and responded to the same set of questions for all the label conditions. The presence and type of label format on the food products were the only aspects that differed across arms. To minimise priming participants to pay attention to the label formats and modify their choices accordingly, food choice was measured first for each product category, and then participants answer questions about sugar content of the presented products.

First, participants viewed the three sets of food products one at a time. For each set they were asked to select which of the three displayed products they would choose to purchase, with an “I would not choose any of these products” option also available. Participants who selected at least one product in this task were requested to indicate the main reason for their choice for each food category across the following options that had their order randomised: “Brand preference,” “Nutritional information,” and “Taste.” In the second part of the survey, participants were presented with the same set of food products and asked to nominate which of the three products had the highest amount of sugar. All choice tasks were completed for all food categories first, followed by the understanding tasks for all food categories. The order of presentation of the food categories was randomised between respondents. Finally, the food label condition to which the participant has been assigned was presented as a medium-sized image in the middle of the screen and participants were asked “Did you notice this information on the label on the previous questions?” with a yes/no answer option. if they noticed the label while completing the survey. They were then requested to indicate on a 7-point Likert scale (1—totally disagree/7—totally agree) whether they agreed or disagreed with these statements: “This label influenced my food choices in this survey” and “This label makes it easy to understand the amount of sugar in the food product”.



Statistical Analysis

Chi-squared and one-way ANOVA tests were conducted to test for differences in sociodemographic (age, sex, the region of living, and education) and health variables (BMI, health awareness, and nutrition knowledge) between label conditions at a 0.05 alpha level. For the understanding outcome, the proportions of participants who correctly nominated the product with the highest sugar content were calculated by food category and summarised for all categories (a maximum of three possible correct answers). For the food choice outcome, the proportions of participants who selected a high-in-sugar product were calculated for each product category and across all three food categories. For the questions “This label influenced my food choices in this survey” and “This label makes it easy to understand the amount of sugar in the food product,” data were presented as the proportion of agreement by summarising the “Strongly agree,” “Agree,” and “Somewhat agree” points from the 7-points Likert scale.

Chi-squared tests were used to evaluate the relationship between label conditions and the understanding and food choice outcomes, with significance set at a Bonferroni-corrected alpha level of 0.01 [α/n = 0.05/5] as suggested in the literature (34). Data were treated as dichotomous variables for the understanding outcome (selecting the correct vs. the wrong answers) and the food choice outcome (selecting a high-in-sugar product vs. a non-high-in-sugar product). Participants who selected the option “I wouldn't choose any of these products” during the food choice task had results presented separately and were removed from the association analysis for the related food category as they have not chosen any product. Sensitivity analyses were performed following the exclusion of participants who did not recall seeing the label intervention during the survey. A binary logistic regression model was used to test for differences in odds ratios for the understanding outcome by label condition. All analyses were conducted using STATA/IC software version 13.0 (College Station, TX: StataCorp. 2009).




Ethics

Both phases of this research were approved by the Ethics Committee of the University where the study was conducted (No. 3063750) and performed in accordance with the ethical standards laid out in the Declaration of Helsinki. All participants were volunteers and provided informed consent before completing the study.




RESULTS


Participants' Characteristics

Sociodemographic, lifestyle and nutrition-related characteristics of the study population are presented in Table 1. The final sample included 1,277 Brazilian participants, of whom 78% were women, 72% were enrolled in or had an undergraduate degree, and the mean age was 33.0 (±11.7) years. Participants from all regions of the country were surveyed, with most living in the South and Southeast regions (79%). Most participants (84%) reported using food label information “always” or “often,” and they presented a high median (5.7 for a 7-points Likert scale) of self-reported health awareness and nutrition knowledge. No significant differences in sociodemographic and health variables between label conditions were found.


Table 1. Participant characteristics, total and by label condition.
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Understanding (Primary Outcome)

The proportions of correct answers for each label condition and type of food are presented in Table 2. Compared to the control condition, the proportion of participants who correctly selected the product with the highest sugar content was significantly higher in all intervention groups, except in the case of the yoghourt category. Comparisons across the intervention formats showed no significant differences in the proportion of correct answers. In the sensitivity analyses, which included only participants who recalled seeing the label formats tested during the survey, results remained similar for whole-grain biscuit, yoghourt, and overall. For the cereal bar category, only interventions (iv) [proposed NIP plus magnifying glass warning] and (v) [proposed NIP plus high in sugar text] were significantly different from the control condition (Supplementary Table S1).


Table 2. Participants' understanding of the sugar content of the products and their perceived understanding of the labels [n (%)], by study arm (n = 1,277).

[image: Table 2]

The odds ratio for the understanding outcome by label condition is presented in Table 3. Participants in all intervention conditions were more likely to identify products with the highest sugar compared to the control condition, although participants who saw the FoP conditions (iii and iv) had the highest odds ratios for that. The octagonal warning (iii) had the best performance for whole-grain biscuits, while the magnifying glass warning (iv) produced more correct answers for the cereal bar and yoghourt categories.


Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for primary (understanding) outcome (n = 1,277).

[image: Table 3]

When asked whether the label format makes it easier to identify the sugar content of the product, participants in all intervention conditions had higher proportions of agreement than those in the control condition. A significant difference was also found when comparing the intervention conditions on this variable, with participants in the NIP only conditions [(ii) and (v)] found to have a higher proportion of agreement than participants in the NIP plus FoP conditions [(iii) and (iv)] (Table 3). However, this distinction between the intervention conditions was not found in the sensitivity analysis.



Food Choice (Secondary Outcome)

There were no significant differences in the proportions of participants who chose high-in-sugar products between the label conditions, overall or by food category. The FoP warning conditions had the lowest proportions of participants who chose products high-in-sugar for whole-grain biscuits and yoghourts, but the differences were not significant. Moreover, participants in the FoP octagonal warning condition (iii) had the lowest proportion of participants who chose high-in-sugar products through all three sets of food categories. In contrast, the control (i) and proposed NIP (ii) conditions had the highest proportion of agreement regarding the question of whether the label format influenced participants' choices (Table 4). Although results were not statistically significant, in general, FoP warning seems to be useful to influence consumers to choose products with lower sugar content. In sensitivity analyses, where only participants who recalled seeing the label formats tested during the survey were included, results remained similar (Supplementary Table S1). The proportion of participants who chose the “I would not choose any of these products” option is shown in Table 4. While a low number of participants did not choose any product throughout all food categories (3.9%), higher proportions were found by food category with 32, 31, and 19% for the whole-grain biscuit, cereal bar, and yoghourt categories, respectively.


Table 4. Participants' food choices for high-in-sugar products and perceived influence of the label in their choices [n (%)], by study arm (n = 1,277).

[image: Table 4]

The most frequent reason for participants' food choices was “Nutrition information” across all three food categories (Figure 3). There were no differences between the reasons for participants' choices across the label conditions for the whole-grain biscuit and yoghourt categories. For the cereal bar category, participants more frequently selected “Nutritional information” in the proposed NIP plus magnifying glass condition (iv) than in the control (i), proposed NIP only (ii), and proposed NIP plus high in sugar text (v) conditions (p < 0.05).


[image: Figure 3]
FIGURE 3. Proportional distribution of each reason for participants' food choices, by food category. (A) Reason of product' choice: whole-grain biscuit. (B) Reason of product' choice: cereal bar. (C) Reason of product' choice: yoghurt. NIP, Nutrition Information Panel. FoP, Front-of-Package.





DISCUSSION

Overall, our results showed a clear demand for sugar information to be made available on the labels of packaged foods to inform consumers during food shopping. Compared with the control condition, all the sugar label formats have increased study participants' understanding of the sugar content of the products. However, none of them significantly decreased consumers' choices for products high in sugar.

The findings for understanding from this study are in line with previous research from other countries that have shown that information about sugar on labels increases consumers' understanding of the sugar level of packaged foods (35–39). Participants who saw the FoP warning label conditions were more likely to correctly identify products with the highest content of sugar than participants in the NIP only conditions. These results are aligned with a key aim of FoP nutrition labels being to provide nutrition information in a more understandable way for consumers (16). In contrast to these experimental results, the participants perceived the NIP only conditions as more straightforward to identify the sugar content of the products than when FoP warning labels were also presented. This result may be partially due to the type of understanding task used in this survey, where participants had to identify the product with the highest sugar content. It requires consumers to check the sugar content in grammes in the NIP and then interpret it more than knowing if a product is high-in-sugar or not. A previous study also found that nutrient warnings were perceived as not containing enough information for consumers' needs (40). In terms of consumers' understanding of the nutrition composition of foods, both sources of information (NIP and FoP) can therefore be useful in a complementary way. While the FoP warning labels allow consumers to correctly, quickly, and easily identify products containing excessive amounts of critical nutrients (41, 42), the NIP provides them with specific nutrient amounts to permit more detailed product comparisons.

Our results on consumer understanding identified differences according to food category. While participants' understanding was found to increase significantly for whole-grain biscuits and cereal bars, this was not the case for the yoghourt category. Participants in all study arms had high proportions of correct answers when asked to identify which yoghourt was the highest in sugar (above 94%). Some explanations could be attributed to this. First, yoghourt has been previously described in other populations as one of the products that consumers are more likely to read nutrition information for when shopping (43). Second, because all the carbohydrate content of yoghourts are sugars (naturally present as lactose or added from other sources), participants in the control group may have used the carbohydrate information available in the NIP as a guide to sugar content. This interpretation is reinforced by the fact that during our focus groups, participants incorrectly associated all the carbohydrate content of packaged food as equal to the sugar content. For the whole-grain biscuit and cereal bar categories, other sources of carbohydrates, such as flour or nuts, were present in the products' composition, and the carbohydrate content in the NIP by itself was not enough to help consumers identify the sugar content of these products.

Many studies have tested the influence of different label formats on consumers' food choices or purchases, and mixed results have been found according to the types of label and food category tested, the methodology used, and participants' nationality (37, 39, 44–50). A systematic review investigating sugar label formats and their influence on consumers' food choice has demonstrated that interpretive information (e.g., colours, “high in sugar” text, warnings, or health messages) is more effective than the standard NIP in encouraging consumers to choose foods with less sugar (31). The results of the present study showed that the sugar label formats tested did not significantly decrease consumers' choices for products high in sugar. Nevertheless, the proposed NIP plus an octagonal FoP label (iii) had the lowest proportion of participants choosing high-in-sugar products for whole-grain biscuits, yoghourts, and across all products. Studies conducted in neighbouring Latin American countries have demonstrated that FoP octagonal warning labels effectively reduce consumer choice of foods high in critical nutrients (47, 49, 51, 52).

The non-significant effects observed for food choice in the present study could be related to our sample's sociodemographic and behavioural profile. Most of the participants in our study were female and had a high educational level, and these factors have been previously described as influencing the use and understanding of nutritional information on labels (53, 54). In fact, 84% of the participants said they used nutritional information frequently during their routine shopping, which would explain the high proportion of participants who selected nutritional quality as the main reason for their choices during the survey. It is known that the use of nutritional information is associated with the level of understanding of this information by consumers (43, 54, 55), which can lead to healthier food choices (56, 57). In our results, a high proportion of participants (83%) correctly understood the sugar content of all products tested, which would help to explain the low proportion of participants who choose high-in-sugar products and the non-significant difference between the label conditions.


Study Limitations and Strengths

Strengths of our study include the inclusion of a qualitative phase to support the development of the subsequent survey, the voluntary participation of a large number of Brazilian consumers from various sociodemographic backgrounds, the investigation of two outcomes related to food label use (understanding and food choice), and the comparison across multiple types of sugar label formats using a randomised approach. In addition, a potential learning bias was minimised by testing the food choice task first and then objective understanding, as well as using randomisation of the presentation order across food categories. While product brand is understood to be a key aspect driving consumers' food choices (58), the impact of brand preference seemed to be minimal in our study. By asking participants why they had chosen specific food products, we were able to assess the impact of using real brands in this experiment. The results indicate that brand preference was the least frequent reason for their choices, with no differences found across the conditions. This may have been due to the fact that we had a high-educated and health-concerned sample of participants who give more importance to the nutritional aspects of food products rather than the products' brand.

Some limitations need to be acknowledged. The choice for young food label users for the focus groups was made to explore perceptions of an audience with lived experience on the topic of investigation (food label usage) who commonly have a high sugar intake. However, participant perspectives in the qualitative phase can be different from people with other socioeconomic characteristics, mainly because our sample was highly educated. In this sense, findings from the qualitative phase have limited generalisation. Similarly, although the online survey was shared with several groups of people, our sample has a sociodemographic profile different from the general adult population in Brazil (59), requiring caution in the extrapolation of results. It is also important to note that certain elements of the study design are likely to have influenced the results. First, the study was conducted through an online platform, which was the only feasible way to get data collected due to the COVID-19 restrictions enforced in Brazil when the data was collected. Because we collected the data via an online platform that did not allow an interactive visualisation of the products, we only displayed the products' image of the front panel of the product. Because of this, the FoP formats were embedded in the images while the NIPs were displayed on the side. This arrangement gave FoP and back of pack (NIP + list of ingredients) information the same weight because participants saw them simultaneously, which is different from what they see for real-world packaged products. This may have driven participants to pay more attention to the NIP than the FoP, as we found in our results. However, a previous study has also reported a lower proportion of participants recalling seeing FoP black-and-white warning symbol during food choice tasks (45). We tried to minimise this effect by instructing participants to zoom in on the images of the products during the tasks, but we were unable to measure if they had done so. Nevertheless, caution should be taken when using our findings to inform public policies. Another point is that many participants selected the “I wouldn't choose any of these products” option during the food choice task, reducing the sample size for this outcome and reducing the statistical power to find significant differences between the groups.

It is also worth noting that only three food categories were tested, limiting the magnitude of the effects compared to studies measuring the overall shopping cart or in a real-world environment. However, in our case, the number of sets and products within the sets had to remain limited given that two outcomes were investigated in the same survey, and the questionnaire could not be too long for participants to complete. Finally, because the study was conducted before the approved changes in the food label rules in Brazil, we could not test the exact FoP format that will be implemented soon. However, our label condition (iv) [FoP magnifying glass warning] is similar to the approved format in Brazil, which allows for some inference of the effects found in our study to the approved format.



Practical Implications and Future Research

The results support the new changes in Brazil's label policy, requiring a mandatory declaration of the total and added sugar contents in grammes displayed in the nutrition information panel of all packaged foods available for sale in Brazil by October 2022. These changes will help consumers easily and quickly identify the sugar content of packaged foods during their shopping, allowing comparisons between products within the same food category. Moreover, although results were non-significant, participants who had seen the FoP conditions had the lowest proportion choosing high-in-sugar products, which suggests that the inclusion of a mandatory FoP is beneficial. Our evidence suggests that an octagonal front-of-pack warning similar to the one used in other Latin-American countries would have the best impact on incentivising Brazilian consumers to reduce their choices for products high in sugar. This is relevant considering recent evidence showing that most packaged foods and beverages sold in Brazil have added sugar ingredients in their composition (60), and that the Brazilian population is eating more added sugar than recommended by the WHO (11).

Furthermore, the enforcement of any FoP on labels should be complemented by government campaigns that educate consumers on how to use the labels and the differences between sugars naturally found in fruit, vegetables and dairy products and sugars added to the packaged food products, as well as the differences between sugars and carbohydrates. In addition, as found during the focus groups, participants seem to trust information endorsed by the Health Ministry more than any disclosure made by the food industry. Future researchers should use the newly approved FoP formats being implemented in Brazil to test consumers' perceptions, understanding, and food choices in larger samples. In addition, groups other than university students should be targeted for future qualitative research on food label perceptions to ensure representation of a wide range of views and experiences. We also suggest that real-world supermarkets studies be conducted to investigate the effects of sugar label formats during real decision-making processes.




CONCLUSIONS

Information about the sugar content of packaged foods displayed on either the NIP or FoP labels is a meaningful strategy to help Brazilian consumers compare products and correctly identify foods with higher sugar content among products within the same food category. While no significant difference across labels was observed for food choices, the sugar content displayed in the NIP plus an octagonal warning demonstrated the highest performance in stimulating consumers to avoid high-in-sugar products. Additional research is needed to understand how sugar label formats impact the understanding and food choices of Brazilian samples from different socioeconomic groups. Policymakers and researchers should be encouraged to investigate the efficacy of the approved food label changes in Brazil on consumer behaviour.
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Number superscripts (e.g.,/*#)indlcate that a result s significantly different from the study condition with the corresponding number based on Bonferroni-corected post ho tests with
an alpha set at 0.01. “Different sample size for this question (n = 1,257). ®Measured by the question “| reflect  lot about my health” on a 7-point Likert scale, 1= strongly disagree,

7= strongly agree. “Measured by the question “I know a lot about Nutrition” on a 7-point Likert scale, 1= strongly disagree, 7= strongly agree. NIP: Nutrition Information Panel;
FoP, Front-of-Package.
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Food choice
The proportion of participants who chose a
high-in-sugar option
Whole-grain biscits 342(27) 85(32) 68 (27) 58(23) 61(23) 70 (29) 0.067
Cereal bars 484 (38) 97 (36) 96(38) 92(37) 97 37) 102 (42) 0.568
Yogurts 27321) 66 (25) 55(22) 43(17) 60 (23) 49 (20) 0.156
Al products 97 ®) 23(9) 19(8) 13(5) 21(8) 21(9) 0.583
The proportion of participants who chose the 'l
wouldn't choose any of these products’ option
Whole-grain biscuits 406 (32) 87(32) 77 (30) 87 (35) 77(30) 78(32) 0.740
Cereal bars 394 (31) 92(34) 80(32) 71(28) 78(30) 73(30) 0.670
Yogurts 248 (19) 55 (20) 54(21) 40(16) 50 (19) 49 (20) 0610
Al products 50 (4) 9@ 13(5) 10 (4) 90 94 0.845
This label has influenced my food choices in this 713(67) 154 (59" 165 (67" 124 (50" 123 (48)/iv 147 B1) <0.001

survey™®

Number superscripts (e.g., "*#) indicate that a result s significantly different from the study condition with the corresponding number based on Bonferroni-corrected post hoc tests with
an alpha set at 0.01. *Proportion of people who agree by the summarising points 5, 6, and 7 from a 7-points Likert scale where 1 = strongly disagree and 7 = strongly agree. ®Different
sample size for this question (n = 1,257).

NIP. Nutrition Information Panel; FoP, Front-of-Package.
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