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Abstract

Front-of-pack labeling is a cost-effective strategy to decrease population consumption of
sodium, sugar, saturated fat, total fat, and trans-fatty acids, considered critical nutrients for
chronic disease. Our main objective was to explore the subjective understanding of labels that
are currently used internationally among low- and middle-income Mexican consumers. We
performed two phases of 10 focus groups with adolescents (13—15 y), young adults (21-23 y),
mothers of children 3—12 y, fathers of children 3—12 y and older adults (55-70 y). Seven
FOPL were evaluated: Guideline Daily Amounts, Multiple Traffic Light, Chilean Warning
labels, Warning labels in Red, 5-Color Nutrition Label, Health Star Rating, and Healthy Choice
label. Data was analyzed with a triangulation of researchers using a content analysis, based
on three codes: 1) awareness and use of the Guideline Daily Amounts, 2) acceptability, and 3)
subjective understanding of labels. Most participants were aware of the Guideline Daily
Amounts, however they rarely used it because interpreting the information displayed on the
label was too complicated. Health Star Rating, Warning labels, Multiple Traffic Light and the
Healthy Choice logo labels were the most understandable, however the acceptability of the
The Healthy Choice logo decreased as it did not provide information on specific ingredients.
The Warning labels was the only label able to warn about critical nutrients that could represent
a health risk. The Warning labels in red was more accepted compared to Warning labels in
black. Results show that directive and semi-directive labels, such as Warning labels, Health
Star Rating or Multiple Traffic Light, may be better at helping population of low- and middle
income make healthier food choices, than non-directive FOPL such as the Guideline Daily
Amounts implemented in México. The study results highlight the potential of Warning labels to
support decreases in the consumption of critical ingredients in low- and middle-income Mexi-
can consumers.

Introduction

The inclusion of simplified nutrition information on the front of food packages, known as
front-of-pack food labeling (FOPL), is a cost-effective strategy to help consumers make
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healthier choices and reduce the risk for chronic diseases at the population level [1-3]. In low-
and middle-income countries, FOPL can generate substantial health gains while entirely pay-
ing for itself through future reductions of health-care expenditures [4]. This strategy assumes
that purchasing behavior can be improved if consumers are presented with a label that is per-
ceived, accepted, understood, and used during food purchase [1].

Obesity and chronic diseases have rapidly become a public health problem in Latin-America
[5]. In Mexico, a national epidemiological alert was declared in 2016 due to the high mortality
and burden of disease associated with obesity and diabetes [6]. In order to address this public
health problem, international agencies such as the World Health Organization, the Pan-Ameri-
can Health Organization and the Food and Agriculture Organization, have recommended
decreasing population consumption of sodium, sugar, saturated fat, total fat, and trans-fatty
acids [1-3, 7, 8], considered as critical nutrients for chronic diseases [9], and have recognized
that an adequate FOPL should contribute to this purpose and the efforts to improve nutrition.

A growing number of countries have implemented FOPL systems, generally based on local
evidence on the understanding, acceptability and effect on purchasing intentions of labels [8,
10-12]. In June 2016, Chile introduced a compulsory front-of-pack black warning label
(Warning-B) for food products exceeding specified limits of sodium, sugar, energy and satu-
rated fats [13]. In the same year, the Australian government, in collaboration with industry,
public health and consumer groups, developed and enforced the Health Star Rating system,
rating the overall nutritional profile of packaged foods from 1/2 to 5 stars. In 2017, Nutri-
Score labelling, a color-coded scheme associated with letters from A (best nutritional quality)
to E (poorer nutritional quality), came into force as a voluntary labelling in France [7]. In
Mexico, Guideline Dietary Amounts is the FOPL used by the government to promote healthy
dietary choices; however, the selection of this labeling was not based on evidence [10]. Thus,
the regulation of FOPL in the country is currently being revised, to replace this system with
one that better serves the purpose of decreasing sugar, salt and sodium consumption among
the Mexican population.

The effectiveness of a particular FOPL may vary across populations [1]. Studies conducted
mostly in European countries suggest that Multiple Traffic Light and Nutriscore may be more
effective in increasing the selection of healthier products [7, 14, 15]. In Latin America, studies
indicate that Warning labels or logotypes may be more effective than Guideline Daily Amounts
or Multiple Traffic Light in helping consumers identify and discourage the consumption of prod-
ucts containing excessive amounts of critical ingredients (i.e., sugar, salt, fat) [16-18]. Although
the ultimate goal of FOPL systems is to help consumers identify foods of high nutritional quality,
the design of the labels may respond to different purposes. For example, the Health Star Rating
and the Nutriscore qualify the overall nutritional quality of a product, but they do not provide
specific information on the content of critical nutrients, such as fat, sugar or sodium.

To date, most of the abovementioned studies have focused on quantitative evaluations of
the objective understanding of labels or their effect in purchasing intentions [7, 16, 19], with-
out paying much attention to the underlying causes of such effects. Additionally, studies have
included highly educated participants,[20, 21] limiting the representativeness of results among
lower income and education groups, which are the most representative of the Latin-American
populations and generally the most nutritionally at-risk.[22] Although experimental studies
provide the best available evidence to evaluate the effectiveness of FOPL, qualitative studies
may provide a deeper understanding of the optimal FOPL design among Latin American con-
sumers [23]. Our main objective was to explore the subjective understanding of recent FOPL
systems, including the current FOPL in Mexico among low-and middle-income Mexican
urban consumers using qualitative methodologies. A secondary objective was to explore the
acceptability of the labels.
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Materials and methods
Study design

We carried out a two-phase study (1** phase in August 2017, 2nd phase in October 2017), with
low- and middle-socioeconomic status (SES) residents of Mexico City. Different participants
were recruited in each study phase. In both study-phases we aimed to have 10 focus group ses-
sions (5 per SES). The ethical and research committees of the Mexican National Institute of
Public Health approved the study protocol and instruments.

An adaptation of the hierarchy of effects model proposed by Grunert and Wills for studying
effects of nutrition labels on consumers was the conceptual framework that helped shape the
study and instrument design for data collection [1]. This model states that in order for nutri-
tion labels to have any effect, consumers must be exposed to them and must perceive them.
The effect will then be mediated by label understanding and acceptability. The acceptability of
a label is determined by several factors including whether the label is liked, how attractive it is
and the perceived cognitive load of the label [24].

Participants

To capture the variability of label understanding between population groups we included five
groups of participants: adolescents (ages 13-15), young adults (ages 21-23), mothers with chil-
dren ages 3-12, fathers with children ages 3-12, and older adults (ages 55-70) (S1 Table). We
recruited participants at four convenience stores located in low (n = 2) and medium (n = 2)
SES neighborhoods, per the Mexican National Institute of Statistics and Geography. Stores
were selected by convenience. At each store, we approached shoppers and, after explaining
study objectives, we obtained informed consent. Participants were screened for eligibility
using a 10-item screener (S1 File) and only those classified as low or medium SES and meeting
the characteristics of interest (i.e. groups of participants) were invited to participate in the
study and scheduled for a focus group. Exclusion criteria consisted on working (or having a
direct relative working) for the food industry or with an education in any health-related area
(e.g., nutrition, medicine). A total of 12 participants per group were invited to the focus
groups.

FOPL evaluated

In Phase I, we evaluated seven different FOPLs used internationally (Fig 1): the Mexican
Guideline Daily Amounts, Ecuador’s Multiple Traffic Light, Chile’s Warning labels, the French
5-Color Nutrition Label (a preliminary version of the Nutriscore) [25], the simple version of
the Australian Health Star Rating (without the Guideline Daily Amounts), and the interna-
tional Healthy Choice label. Although some of the original labels contain text indicating
approval from a government body; we removed this text to create equivalence across labels [7,
12, 13, 26-28]. In Phase II, we conducted a deeper evaluation of 4 FOPLs: The Health Star Rat-
ing, the Multiple Traffic Light, the Warning labels and a red version of the Warning labels (Fig
1). These labels were selected because of their potential to help consumers identify products
with high contents of critical nutrients (i.e., Warning labels & Multiple Traffic Light) or
because of their high subjective understanding in Phase I (i.e. Health Star Rating).

Procedures

Focus group sessions took place in facilities with Gesell chambers in central Mexico City.
These chambers allowed the research team to observe the focus group through a one-way mir-
ror from a different room without interfering with the focus group dynamic. The same
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Fig 1. FOPL utilized in phase I and phase II. a) Labels used in phase 1: (From left to right) Line 1: Guideline Daily Amount, Multiple Traffic Light, Warning
Label from Chile; Line 2: 5-Color Nutrition Label, Health Star Rating and Healthy Choices. b) Labels used in phase 2: (From left to right) Health Star Rating,
Multiple Traffic Light, Warning Label from Chile and a red version of the Warning Label.

https://doi.org/10.1371/journal.pone.0225268.9001

moderator (male sociologist with more than 30 years of experience conducting qualitative
research in food marketing) facilitated all focus groups. Before starting the focus group
dynamic, written consent was obtained from all adult participants after explaining the objec-
tives of the session; for minors, written consent from parents and written assent from the
minor were also collected. A total of 240 participants were invited to participate in the focus
groups, of which 235 presented on the scheduled date (response rate of 97.92%). The first 10
participants to arrive to the focus group entered the Gesell chamber, for a total of 200 partici-
pants (100 in each phase). Participants arriving later waited in the lobby for 15 minutes in case
any replacement was needed. During the initial stage of the focus groups the facilitator identi-
fied two participants who did not meet eligibility criteria (i.e., one participant with medical
studies [older adults, low SES] and a nutrition student [young adults, medium SES]). They
were replaced by participants waiting in the lobby. After the 15-minute wait, the remaining
participants were thanked for their time and received the coupon gift card. Each focus group
was audio recorded. The sessions took an average of 2 hours. At the end of the session, partici-
pants received a coupon gift card equivalent to $20.8 USD.

Testing material. For each FOPL, we placed mock labels on 3 actual food products. These
products had sufficiently different nutritional qualities, thus making it possible to rank them by
using the labels (except for the Healthy Choices label which was not designed to allow graded
ranking) (S2 Table). A different category of food was used for each FOPL, including dairy prod-
ucts, cereals, ready-made products, beverages, and salty snacks. To provide a better view of the
FOPL design, labels were also printed on a double-sized board (42.5 x 28 cm) presenting several
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grading options of the same label (e.g., 3.5 out of 5 stars for Health Star Rating, 4 different varia-
tions of the Warning labels in Black or Red). To simulate the supermarket environment and
allow participants to compare each FOPL between products of different categories and nutritional
quality, we created a poster of a supermarket shelf for each FOPL (94 x 89 cm).

Before data collection in Phase I, the facilitator tested all instruments (i.e., questionnaire and
focus group guide), testing materials and procedures during a pilot focus group with consumers
with similar characteristics as our sample. Necessary modifications were done (i.e., it was
decided to randomize the order in which FOPL s were presented to avoid any ordering bias)

Data collection. We developed a semi-structured focus group guide addressing the fol-
lowing topics (S2 File): 1) Factors considered when purchasing packaged foods and beverages,
2) Awareness, use, acceptability and subjective understanding of the Mexican Guideline Daily
Amounts, and 3) Subjective understanding and acceptability of the remaining six FOPL’s. The
order of discussion of the FOPLs (except for Guideline Daily Amounts, which always occurred
first) was randomized.

The facilitator started the focus group dynamic with informal interactions with the partici-
pants (e.g. asking their names, hobbies, what they do for living, etc.) to establish rapport. Then,
to get into the topic of the focus group, the facilitator began with the triggering question: "How
do you make decisions when buying packaged foods and drinks sold in supermarkets or conve-
nience stores?".

Based on participants’ responses, the facilitator ranked the decision-making factors accord-
ing to the relevance for the group. Because the Guideline Daily Amounts was implemented first
as a voluntary label in 2012, and then as the mandatory FOPL in 2015, we were interested in
knowing if participants mentioned the label as a decision-making factor when purchasing food
products. However, if the group did not mention the Guideline Daily Amounts, the facilitator
mentioned the label and investigated the reasons for not using it during the purchase of food.
Afterwards, the facilitator explored the use, acceptability and understandability of the Guideline
Daily Amounts in greater depth. For this purpose, the label was presented initially using a dou-
ble-sized board and first impressions and reactions were explored. Then, label understanding
and acceptability were further explored by presenting first, a set of actual products and then, the
posters with products labeled with the corresponding FOPL (S1 Fig). The facilitator explored
the subjective understanding of each FOPL without explaining to participants the intended
message of the labels. Label acceptability was explored through label liking, visual attractiveness
and perceived cognitive workload [24]. Then, the facilitator moved on to explain the dynamic
of the rest of the session exploring the understanding and acceptability of the remaining FOPLs.
The same procedure was used as the one for the Guideline Daily Amounts.

Covariates

We used a self-administered questionnaire to collect demographic information (i.e. age, sex,
marital status, and occupation), nutrition knowledge (i.e. awareness of recommended average
daily calorie consumption), and use of the Guideline Daily Amounts (i.e. if the person read the
label, time to read the label, etc.) (S3 File).

Data analysis

Descriptive statistics of sociodemographic information were estimated using percentages or
means and standard deviations. Differences between low- and middle-SES participants were tested
using Chi square tests or t-tests. Quantitative analyses were conducted using Stata version 13.
Audios from focus groups were transcribed clean verbatim. The systematization and inter-
pretation of the information was guided using the content analysis technique using Atlas.Ti
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version 11 [29, 30]. We developed a priori central themes for our research questions before
data was collected. Additionally, we also developed a code catalog based on transcriptions (54
File). The analysis was based on three codes: 1) awareness and use of the Guideline Daily
Amounts, 2) acceptability, and 3) subjective understanding of labels. Double entry conceptual
matrices were developed for each code and participant group (S5 File). Information was
encoded and analyzed independently by the focus group moderator, as well as by two addi-
tional researchers (JVM and SPM), one of whom attended focus groups as listener. Research-
ers reached conclusions using the peer review technique, which consists on multiple meetings
between researchers to discuss results and their interpretation, until consensus is reached [31-
33]. Interpretations reached by researchers are presented in the results section in a narrative
form. Since testimonials related with the acceptability and subjective understanding of all
FOPL tested were consistent across SES and participant groups, example quotes from the qual-
itative data, verbatim from the narrative segments, are presented, and identified by SES and
participant group, to best represent the concept. Participants” quotes are reported directly as
they were spoken, without editing the grammar to avoid losing meaning.

Results

Participants had a mean age of 34.3 (£16.7) years, were evenly distributed between males and
females, almost half were married, and 41.5% had been diagnosed with a chronic disease

(Table 1). Almost 80% reported being aware of the Guideline Daily Amounts label and only 19%
reported reading the Guideline Daily Amounts when purchasing foods (Table 1). Among those
reporting to read the Guideline Daily Amounts during food purchase, 37% considered it as noth-
ing or a little understandable, almost half never or almost never took it into account during food
purchasing decisions, and 40% spent more than 30 seconds reading it. No differences were
observed between low- and middle-SES participants in most characteristics, however participants
with medium SES were more highly educated than participants of low SES, whereas a higher pro-
portion of participants from the low SES had a previous diagnosis of diabetes (p<0.05).

Mexican Guideline Daily Amounts

Food purchasing decisions were generally based on price, presentation, size, taste and brand of
the product, whereas Guideline Daily Amounts was generally not mentioned as a purchasing
criterion. This FOPL was only relevant for those individuals that, for health reasons—either
their own or of some of their relatives—, were interested in the content of some ingredients that
could be of risk. Older adults also tended to report using Guideline Daily Amounts more fre-
quently for health reasons.

Moderator (M): “. .. for example, (Guideline Daily Amounts) labels. . ., ;do you take them
into account . . 2"

Participant (P): “...if I'm on a diet or regime, I do check them ...” (Males and females ages
55-70, medium SES)

P2: “Because of my diabetes, I also check for the sugar.” (Males and females ages 55-70, low
SES)

Regarding Guideline Daily Amounts acceptability, participants mentioned that this label
was not attractive because the format (i.e. boxes and letters) was too small and the colors (i.e.
blue and white) were not pleasant to the eye. As for the subjective understanding, they men-
tioned that interpreting the percentages and the amounts shown was too complicated; they
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Table 1. Characteristics of participants by socioeconomic status.

Low SES Medium SES All
(n=100) (n=100) (n = 200)
% % n (%)
AGE
13-17y 20.0 20.0 40 (20.0)
18-54y 61.0 60.0 121 (60.5)
55-70y 19.0 20.0 39 (19.5)
GENDER (Women) 50.0 54.0 104 (52.0)
EDUCATION LEVEL
Primary school or less 17.0 14.0 31 (15.5)
High School or technical school 74.0 40.0 114 (57.0)
Graduate or post-graduate Degree 9.0 46.0 51 (27.5)
OCCUPATION
Student 32.0 35.0 67 (33.5)
Homemaker or domestic employee 30.0 21.0 51 (25.5)
Employed or salesman 28.0 38.0 66 (33.0)
Unemployed or Other 10.0 6.0 16 (8.0)
MARITAL STATUS
Single 35.0 41.0 76 (38.0)
Married or living with someone 60.0 54.0 114 (47.0)
Divorced 1.0 2.0 3(1.5)
Free union/ Widower 16.0 10.0 26 (13.0)
PREVIOUS DIAGNOSIS OF CHRONIC DISEASE
Diabetes 10.0 2.0 12 (6.0)
Hypertension 9.0 7.0 16 (8.0)
Overweight or Obesity 26.0 25.0 51 (25.5)
NUTRITION KNOWLEDGE
Knowing the mean daily energy requirements of an adult (1500-2000 kcal) 11 7.0 ‘ 18 (9.0)
GDA ASPECTS
I am aware of the existence of the GDA 85.0 74.0 159 (79.5)
I read the GDAs when I purchase food* 14.0 23.0 37(18.5)
I spend more than 30 seconds reading the GDA* 37.0 43.0 80 (40.0)
The GDA are nothing/ little understandable* 38.0 20.0 58 (29.0)
I never or almost never consider the GDA during food purchasing decisions* 46.0 27.0 73 (36.5)

SES, Socioeconomic Status; GDA, Guideline Daily Amounts.
Bolds indicate differences between low- and middle-SES participants.
*Proportions indicate the percentage of participants of those aware of the existence of the GDA.

https://doi.org/10.1371/journal.pone.0225268.t001

also questioned the meaning of the numbers and whether they were targeted towards children
or adults. Additionally, participants could not easily tell how many individual portions were
contained in a package. They mentioned they rarely read Guideline Daily Amounts as they did
not know how to interpret this label.

Healthy choices

This label was evaluated during Phase I. Participants mentioned it was visible and clearly iden-
tifiable on the products, and that it allowed identifying between healthy and unhealthy prod-
ucts. However, they questioned the credibility of who determines how "healthy" a food
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product is, or the criteria underlying this classification. Additionally, given that this FOPL clas-
sifies food products as "healthy” or "unhealthy", participants highlighted the need to revise the
nutrition facts panel if information on specific ingredients or nutrients is required.

M: “What could you tell me about this label?”

P: “It would guarantee that it (the product) is healthy . .. but I would still need to do my job
by making numbers to know how many calories I need . ..” (Males with children ages 3-12,
medium SES)

Regarding subjective understanding, participants reported this label was easy to understand
because both, the "tick" and the text "Healthy Choice" on the logotype are related to the healthi-
ness of the product.

5-Color Nutrition Labelling

This label was evaluated during Phase I. Participants were initially confused as they could not
interpret this label at a glance:

M: “This (5-Color Nutrition Label) is another label, ;how do you like it? ;what does it tell
you?”

P1: “At a glance it is confusing, you need an explanation before . ..” (Males and females ages
13-15, medium SES)

Regarding the labels on the real products, participants mentioned that the label was not eas-
ily identifiable due to its size, although colors were considered as a strength of the label. As for
the subjective understanding of this FOPL, participants questioned the meaning of the colors
and the letters of the label, and interpretations were frequently unrelated to the purpose of this
FOPL:

M: “What do you think the letters mean?”

P2: “They represent the vitamins that the product has” (Females with children ages 3-12 y,
medium SES)

Participants considered that this label had too many different elements (i.e. the colors, the
size of the circles, and the letters) which did not seem to communicate a clear message. Conse-
quently, they mentioned it was difficult to decide if a certain product was “healthy”.

Ecuador’s Multiple Traffic Light

This label was evaluated during Phase I and II. Participants showed high acceptability for this
FOPL as it was readily related with a traffic light. When showing the amplified boards and the
food products, they mentioned that the label could be easily identified on the package because
of the colors of this label, that even at the distance they could tell if a product was healthier
than other without reading the text, and that this label allowed making healthy food choices
rapidly.

Regarding subjective understanding, participants mentioned that the colors of this label
represented clear messages, such as "Green is healthy, amber more or less healthy, and red, lit-
tle healthy". They reported understanding that the higher the number of green bars, the health-
ier the product. On the contrary, the higher the number of red bars, the less healthy the food
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product. The amber bar was interpreted as the half-way measure. Additionally, the text and
the length of the colored bars reinforced the correct interpretation of this label and the ability
to discern between the different ingredients contained in the food product (i.e. fat, sugar and
salt). These testimonials were consistent across the different testing materials.

M: “Could you tell me the first thing that comes to your mind (when looking at this FOPL)
.27

P: “You immediately identify the healthy (products): the one with more green bars and an
amber one. The one with two red bars and a green bar stands out . . ." (Males and females 21-
23y, low SES)

Health Star Rating

This label was evaluated during Phases I and II. Initially, participants were able to easily iden-
tify this label on food products, however, they mentioned it was difficult to interpret. After a
while, participants apparently managed to understand the label through the interpretation of
the number of stars. They reported liking the Health Star Rating because they could choose
among a variety of products ranging in nutritional quality or “healthiness”.

M: “What does it (the Health Star Rating) tell me? What do I understand?”

P: “I like it because it does not force you to buy the healthiest, because sometimes these prod-
ucts are the most expensive. You can choose the second-best option (Males with children ages
3-12, low SES)

As mentioned above, participants were able to understand the Health Star Rating by inter-
preting the number of stars. Other reported elements relevant for the understanding of this
label were the ranking number and the colored filling bar. Additionally, they reported under-
standing that “the more stars, the healthier the product”. However, the text included in this
label (i.e. Indice de Estrellas Saludables or Health Star Rating in English) was not mentioned as
an element improving the understanding of the label.

Warning labels

This label was evaluated during Phase I and II. During phase I, we tested the Chilean Warning
labels (in black) (Fig 1). Participants mentioned that this type of label is visible and easily iden-
tified on the front of the pack because of its size and color. They considered this label as ade-
quate as each Warning labels evaluates a specific nutrient, but they considered black as an
unattractive color, and mentioned the label was disruptive as it prevented them from fully
appreciating the "attractiveness” of the package. When showing the shelf poster, they disliked
the fact that this FOPL highlights only nutrients-to-limit and mentioned they were forced to
choose the least "harmful” given that most products had at least one Warning labels.

M: “Here are different products, how do you see them?
P: Boring, I don'’t like it, whatever, it doesn't have any color, the same figure, everything is

"High" and bad (Males and females ages 13-15, low SES)

Participants expressed understanding that the purpose of this label was to identify and
warn about the various “unhealthy” nutrients of the product and clearly related it to the health
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risks inferred by consuming products with the labels. They expressed understanding at a
glance the warning shape indicating the "high content” of "unhealthy" nutrients. It took a
moment for participants to understand that the more labels, the less healthy the product.

During Phase II we tested the Warning labels in red, based on results from Phase I. Percep-
tions about the ability to identify this label on the food products was similar to those of the
Warning labels in black, however this version was not considered as disruptive with the design
of the front of the pack. Participants also mentioned red was easier to identify compared to
black, because it was more attractive.

Red labels had a better subjective understanding compared to black ones. Participants easily
identified that the Warning labels in red allowed them to classify as “unhealthy” those products
with more labels or warnings on the front of the pack. For example, when presenting the shelf
poster, participants mentioned they would first see the number of labels and then read the text.
The red color was related with traffic signs, turning on an alert or a warning signal: the more
warnings a product has, the stronger the alert.

M: “So tell me, show do you like this (Warning red)?
P1: “Stop eating it, that is why they are red” (Males and females ages 55-70 y, medium SES)

P2: “I'would go with the products that only have one label” (Males with children ages 3-12 y,
low SES)

Discussion

Our study provides new evidence on the subjective understanding and acceptability of seven
FOPL formats currently in use in different countries among low- and middle-income Mexican
consumers. Few previous studies have assessed these FOPL together. Our study shows that
although 80% of participants were aware of the Guideline Daily Amounts, the current FOPL
in Mexico, of these only 1 in 3 considered it understandable or used the label. Regarding
acceptability and understanding of the other FOPL evaluated, the 5-Color Nutrition Label
emerged as the least adequate, whereas no single system clearly emerged as the best solution
among the Health Star Rating, the red Warning labels, and the Multiple Traffic Light.

In Mexico, Guideline Daily Amounts were implemented as part of an industry-led strategy
to address the rise in overweight, obesity and other non-communicable diseases, with an
important role of the food industry on the approval of this policy and regardless the lack of evi-
dence of their effectiveness to improve healthy food choices among Mexican consumers [34-
35] . Previous research in Mexican and Chilean consumers indicates that Guideline Daily
Amounts is not an adequate FOPL to promote informed food choices and, in consequence,
the selection of healthy foods among Latin-American populations [16, 17, 36, 37]. Our results
confirm these findings by showing that despite their high awareness among participants, Mex-
ican Guideline Daily Amounts are rarely used, and this label has poor subjective understand-
ing and acceptability.

In our study, Ecuador’s Multiple Traffic Light had a high subjective understanding, similar
to the one reported for other directive (i.e. Warning labels in red) and semi-directive (i.e.
Health Star Rating) formats. Previous evidence has shown that this FOPL system is the most
effective in influencing consumers’ purchasing decisions among European consumers [38].
Studies among Mexican consumers have also shown that Multiple Traffic Light may be effec-
tive in helping consumers identify foods with high nutritional quality [16]. In contrast, in
Ecuador, a qualitative study of consumer perceptions of the Multiple Traffic Light conducted
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three years after its implementation, reported that although participants were aware of the
label and reported understanding the message it conveyed, not all used the label for making
purchasing decisions or had changed their attitudes and practices related to the purchase and
consumption of processed foods [38, 39]. Based on this and other results showing little changes
in consumption patterns among the Ecuadorian population after the implementation of the
Multiple Traffic Light, it has been recommended to adapt and strengthen the label [38, 39]. It
has been suggested that although as Multiple Traffic Light may increase the accuracy of per-
ceptions of nutrient contents, they may not be more effective in discouraging the selection of
products with excessive content of critical ingredients as they create decisional conflicts, espe-
cially among products with a combination of colors (e.g. green, amber and red) [40, 41]. Given
the high acceptability and subjective understanding of the labels, future studies should explore
the effectiveness of this label in real-life settings.

The potential of graded labels to guide consumers towards healthier food choices has also
been emphasized in recent years [42, 43]. Interestingly, in our study participants had different
reactions towards the two graded labels included (i.e. the Health Star Rating and the 5-Color
Nutrition Label). In our study participants reported a low subjective understanding for the
5-Color Nutrition Label. This may be explained by the fact that in Mexico letters are rarely
used as an evaluation method; rather, grading systems are generally based on a 1-10 scale,
making it difficult for consumers to relate the letters of the label with the nutritional quality of
the food product. Our results may be considered as contrasting with a previous study includ-
ing Mexican consumers which showed that the Nutriscore, the final graphical format of the
5-Color Nutrition Label, had the best objective understanding [21]. However, differences may
be due to the variations in the graphic design of the labels and the sampling frame, since 75%
of Mexicans included in the previously mentioned study had an undergraduate or graduate
degree. In contrast, 75% of participants in our study had a high school degree or lower, which
resembles the most prevalent education level in the country [44]. These sub-groups are gener-
ally more at risk of consuming a lower-quality diet, as shown by a higher proportion of partici-
pants with a previous diabetes diagnosis among low-SES participants, and in consequence
should be a target in any FOPL or other nutritional policies.

On the other hand, the Health Star Rating, a number-based graded label, had good accept-
ability and subjective understanding. Most elements of the label (i.e. the ranking number, the
stars, and the colored filling bar) helped communicate that the more stars, the healthier the
product. Of note is the fact that the text on the Health Star Rating was not helpful when inter-
preting the label, despite the translation was faithful to the meaning in English. Due to the
high prevalence of non-communicable diseases in Latin-American countries and Mexico [5],
graded formats evaluating the overall nutritional quality of a food product may not allow con-
sumers identify high contents of critical nutrients. Results observed for the Healthy Choices
logo, also evaluating the overall nutritional quality of a product, support this hypothesis. In
line with a previous study in Mexican consumers showing that health logos were the easiest to
understand [16], the Healthy Choices logo had a good subjective understanding. However,
participants felt that this label did not provide enough information to make informed food
choices. This may be explained by the fact that 41.5% of participants had been previously diag-
nosed with diabetes or hypertension, and consequently, were more interested in knowing the
content of specific nutrients that have been identified as critical for chronic diseases (e.g.
sodium, saturated fat). Studies comparing the effects of nutrient-specific and overall-rating
labels should may help better understand the effects of these labels on the consumption of criti-
cal ingredients. Altogether, these findings highlight the importance of targeting the design of a
FOPL towards specific populations, as epidemiological and cultural factors may determine the
effectiveness of a specific label [45, 46].
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In recent years, Warning labels have emerged as labels with a better potential in addressing
chronic diseases given their ability to discourage consumption of products with high contents
of critical ingredients [47]. Recent studies in Latin-American populations indicate that Warn-
ing labels improve the ability to correctly identify products containing excessive amounts of
critical nutrients among adults[17] and are more effective in discouraging the selection of
foods of low nutritional quality among children [18]. In line with these results, our study
shows that the understanding of this label, as reported by participants, is very straightforward
as participants were able to identify that the label aimed at warning about critical nutrients
that could represent a health risk. However, the original version of this FOPL had a low accept-
ability among the labels tested. Research on the use of warning labels on tobacco products sug-
gests that the most effective labels are those which include images that elicit a strong negative
emotional response [48-50]. Consistent with this, in the present study, Warning labels were
the only labels producing negative emotional responses. A study among British parents of chil-
dren studying the effect of Warning labels on the selection of sugar-sweetened beverages
reported that the effect of the labels was mediated by the elicitation of higher levels of negative
emotional arousal, and therefore the most effective Warning labels were those making the
threat more explicit [51]. The successful implementation of an intervention partially depends
on its acceptability by the public and policy makers [52], and therefore identifying a FOPL that
is both effective and acceptable is important. Our results indicate that although black Warning
labels were less accepted, red Warning labels could have a better acceptability as they are inter-
preted as a warning instead of a harmful message. This is consistent with studies in Chile and
Canada supporting the acceptability of these labels [53, 54]. Efforts to evaluate the effect of this
label in dietary consumption among Chileans are being conducted. Additionally, other coun-
tries have implemented already Warning labels FOPLs (i.e. Pert1, Uruguay) and others are
developing their Warning labels systems (México, Canada, Ecuador and Brazil) [10]. Based on
our results indicating decreased acceptability when showing the poster with a high proportion
of products with Warning labels, special attention should be given to possible desensitization
towards the label.

To our knowledge, this study provides novel information on the acceptability and under-
standability of recent FOPL systems among Latin-American consumers, using focus groups in
population of low and middle SES. We tested labels on real products, including other package
elements, such as graphic elements or nutrition and health claims, which turned out to be rele-
vant for label acceptability. However, some limitations should be highlighted. First, we tested
the subjective understanding of the labels, which has been shown to overestimate the objective
understanding [19]. Second, the sample is not representative of all Mexicans, however charac-
teristics resemble those of Mexican adults and therefore results may represent a wider popula-
tion. Third, this study was not conducted in a real purchasing situation, where participants
generally have limited time to purchase their foods, can choose among a variety of products
and are exposed to different distractions. Fourth, given the nature of the focus groups tech-
nique, during the sessions some participants may be influenced by other more dominant
peers. However, during the development of the group, participants were encouraged to con-
tribute individually to the discussion to mitigate the influence. In addition, we selected a pre-
liminary graphical format of the Nutri-score label, which does not contain any text compared
to the rest of the labels. Although this may partially explain the reduced label acceptability and
understanding, we believe that our results are comparable to other studies testing the 5-Color
Nutrition Label [21]. We also used simple and non-mixed labeling formats, which is why we
selected the Health Star Rating label. Results related to this label could differ when using the
complete Health Star Rating + Guideline Daily Amounts format.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225268 November 18, 2019 12/16


https://doi.org/10.1371/journal.pone.0225268

@ PLOS|ONE

Understanding of front-of-pack nutritional labels by Mexican consumers

Conclusions

FOPLs, along with other nutrition policies, could contribute substantially towards the reduc-
tion of obesity and chronic disease at the population level. Our results support previous evi-
dence indicating that Guideline Daily Amounts is not adequate for improving healthy food, as
they have a poor understanding [16, 36, 37]. Given the epidemiological profile of the Latin-
American region, with non-communicable diseases and obesity as the leading causes of death
and morbidity, urgent actions are required to address this public health problems. Other more
directive or semi-directive labeling formats, such as the Warning labels or the Multiple Traffic
Light, could be more effective in helping the most vulnerable consumers make healthier food
choices, particularly decreasing consumption of critical ingredients. Future studies should
explore the effect of these labels on the actual purchasing behavior of Latin-American consum-
ers [55], as well as the need of parallel mass-communication campaigns to improve label
understanding and incentivize consumers to improve their food choices.

Supporting information

S1 Fig. Materials utilized.
(DOCX)

S1 Table. Characteristics of the participating groups/sessions. SES, socio economic status;
M, male; F, female.
(DOCX)

$2 Table. Nutritional content and classification of products utilized. 5-CNL, 5 Color Nutri-
tional Labelling; MTL, Multiple Traffic Light; GDA, Guide Dairy Amounts; HSR, Health Rant-
ing Stars.
(DOCX)

S1 File. Screening instrument for eligibility.
(DOC)

S2 File. Topics guide for front of pack labels focus group.
(DOCX)

S3 File. Self-administered questionnaire.
(DOCX)

$4 File. Coding guide for focus groups transcriptions.
(DOCX)

S5 File. Results of the double-entry matrix coding.
(DOCX)

Author Contributions
Conceptualization: Alejandra Jauregui, Simon Barquera.
Data curation: Alejandra Contreras-Manzano.

Formal analysis: Jorge Vargas-Meza, Selene Pacheco-Miranda, Alejandra Contreras-
Manzano.

Funding acquisition: Simon Barquera.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225268 November 18, 2019 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225268.s008
https://doi.org/10.1371/journal.pone.0225268

@ PLOS|ONE

Understanding of front-of-pack nutritional labels by Mexican consumers

Investigation: Jorge Vargas-Meza, Alejandra Jauregui, Selene Pacheco-Miranda, Alejandra
Contreras-Manzano, Simén Barquera.

Methodology: Jorge Vargas-Meza, Alejandra Jauregui, Selene Pacheco-Miranda, Alejandra
Contreras-Manzano.

Resources: Alejandra Jauregui.

Supervision: Jorge Vargas-Meza, Alejandra Jauregui, Alejandra Contreras-Manzano.
Validation: Jorge Vargas-Meza, Alejandra Jauregui, Alejandra Contreras-Manzano.
Visualization: Simén Barquera.

Writing - original draft: Jorge Vargas-Meza, Alejandra Jauregui.

Writing - review & editing: Jorge Vargas-Meza, Alejandra Jauregui, Selene Pacheco-Miranda,
Alejandra Contreras-Manzano, Simon Barquera.

References

1. Grunert KG, Wills JM. A review of European research on consumer response to nutrition information on
food labels. J Public Health (Bangkok). 2007; 15:385-99.

2. Van Trijp HC. Consumer understanding and nutritional communication: key issues in the context of the
new EU legislation. Eur J Nutr. 2009; 48:s41-8. https://doi.org/10.1007/s00394-009-0075-1 PMID:
19937441

3. Hawkes C, Jewell J, Allen K. A food policy package for healthy diets and the prevention of obesity and
diet-related non-communicable diseases: The NOURISHING framework. Obes Rev. 2013; 14:159-68.
https://doi.org/10.1111/obr.12098 PMID: 24103073

4. CecchiniM, SassiF, Lauer JA, Lee YY, Guajardo-Barron V, Chisholm D. Tackling of unhealthy diets,
physical inactivity, and obesity: Health effects and cost-effectiveness. Lancet. 2010; 376:20-6. https://
doi.org/10.1016/S0140-6736(10)61045-8

5. Rivera JA, Barquera S, Gonzalez-Cossio T, Olaiz G, Sepulveda J. Nutrition transition in Mexico and in
other Latin American countries. Nutr Rev. 2004; 62 (Supplement 2):S149-57.

6. Barquera S, White M. Treating Obesity Seriously in Mexico: Realizing, Much Too Late, Action Must Be
Immediate. Obesity. 2018; 26:1530—1. https://doi.org/10.1002/0by.22296 PMID: 30277025

7. Pauline D, Caroline M, Chantal J, Emmanuelle KG, Mathilde T, Léopold F, et al. Effectiveness of front-
of-pack nutrition labels in french adults: Results from the nutrinet-santé cohort study. PLoS One. 2015;
10:1-15. https://doi.org/10.1371/journal.pone.0140898 PMID: 26509679

8. Ecuador. Ministerio de Salud Publica. Reglamento de Etiquetado de Alimentos Procesados para el
Consumo Humano. Acuerdo No. 00004522. 2013;0:17.

Nutrient Profile Model. Washington, D.C.: PanAmerican Health Organization; 2016.

10. Sanchez K, Bladeras N, Munguia A, Barquera S. El etiquetado de alimentos y bebidas: la experiencia
en México. México; 2018. https://www.insp.mx/epppo/blog/4680-etiquetado.html

11. Julia C, Hercberg S. Development of a new front-of-pack nutrition label in France: the five-colour Nutri-
Score. Public Heal Panor. 2017; 3:712-25.

12. Health NZM of. Health Star Rating System. 2016. http://healthstarrating.gov.au/internet/
healthstarrating/publishing.nsf/Content/guide-for-industry-document Accessed 10 Dec 2017.

13. DOF. Reglamento sanitario de los alimentos. Diario Oficcial de la Republica N°4193. 2015. http://web.
minsal.cl/sites/default/files/decreto_etiquetado_alimentos_2015.pdf Accessed 30 Jan 2016.

14. Cecchini M, Warin L. Impact of food labelling systems on food choices and eating behaviours: A sys-
tematic review and meta-analysis of randomized studies. Obes Rev. 2016; 17:201-10. https://doi.org/
10.1111/0br.12364 PMID: 26693944

15. Maubach N, Hoek J, Mather D. Interpretive front-of-pack nutrition labels. Comparing competing recom-
mendations. Appetite. 2014;Nov:67-77.

16. Dela Cruz-Géngora V, Torres P, Contreras-Manzano A, Jauregui de la Mota A, Mundo-Rosas V, Villal-
pando S, et al. Understanding and acceptability by Hispanic consumers of four front-of-pack food labels.
Int J Behav Nutr Phys Act. 2017; 14:1-12. https://doi.org/10.1186/s12966-016-0456-9

PLOS ONE | https://doi.org/10.1371/journal.pone.0225268 November 18, 2019 14/16


https://doi.org/10.1007/s00394-009-0075-1
http://www.ncbi.nlm.nih.gov/pubmed/19937441
https://doi.org/10.1111/obr.12098
http://www.ncbi.nlm.nih.gov/pubmed/24103073
https://doi.org/10.1016/S0140-6736(10)61045-8
https://doi.org/10.1016/S0140-6736(10)61045-8
https://doi.org/10.1002/oby.22296
http://www.ncbi.nlm.nih.gov/pubmed/30277025
https://doi.org/10.1371/journal.pone.0140898
http://www.ncbi.nlm.nih.gov/pubmed/26509679
https://www.insp.mx/epppo/blog/4680-etiquetado.html
http://healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/guide-for-industry-document
http://healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/guide-for-industry-document
http://web.minsal.cl/sites/default/files/decreto_etiquetado_alimentos_2015.pdf
http://web.minsal.cl/sites/default/files/decreto_etiquetado_alimentos_2015.pdf
https://doi.org/10.1111/obr.12364
https://doi.org/10.1111/obr.12364
http://www.ncbi.nlm.nih.gov/pubmed/26693944
https://doi.org/10.1186/s12966-016-0456-9
https://doi.org/10.1371/journal.pone.0225268

@ PLOS|ONE

Understanding of front-of-pack nutritional labels by Mexican consumers

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

Arrda A, MacHin L, Curutchet MR, Martinez J, Antinez L, Alcaire F, et al. Warnings as a directive front-
of-pack nutrition labelling scheme: Comparison with the Guideline Daily Amount and traffic-light systems.
Public Health Nutr. 2017; 20:2308—17. https://doi.org/10.1017/S1368980017000866 PMID: 28625228

Arrda A, Curutchet MR, Rey N, Barreto P, Golovchenko N, Sellanes A, et al. Impact of front-of-pack
nutrition information and label design on children’s choice of two snack foods: Comparison of warnings
and the traffic-light system. Appetite. 2017; 116:139-46. https://doi.org/10.1016/j.appet.2017.04.012
PMID: 28428151

Ducrot P, Méjean C, Julia C, Kesse-Guyot E, Touvier M, Fezeu LK, et al. Objective understanding of
front-of-package nutrition labels among nutritionally at-risk individuals. Nutrients. 2015; 7:7106—-25.
https://doi.org/10.3390/nu7085325 PMID: 26305255

Nieto C, Jauregui A, Contreras-Manzano AG, Arillo-Santillan E, Barquera S, White C, et al. Understand-
ing of food labeling systems among White, Latinos, and Mexican population: Data from the International
Food Policy Study 2017. Int J Behav Nutr Phys Act. 2019;(submitted.

Egnell M, Talati Z, Hercberg S, Pettigrew S, Julia C. Objective understanding of front-of-package nutri-
tion labels: An international comparative experimental study across 12 countries. Nutrients. 2018; 10.

Cowburn G, Stockley L. Consumer understanding and use of nutrition labelling: a systematic review.
Public Health Nutr. 2005; 8:21-8. https://doi.org/10.1079/phn2005666 PMID: 15705241

Vyth EL, Steenhuis IHM, Brandt HE, Roodenburg AJC, Brug J, Seidell JC. Methodological quality of
front-of-pack labeling studies: A review plus identification of research challenges. Nutr Rev. 2012;
70:709-20. https://doi.org/10.1111/j.1753-4887.2012.00535.x PMID: 23206284

Nielsen J. Usability Engineering. New York, NY Acad Press. 1993.

Julia C, Hercberg S. Nutri-Score : Evidence of the effectiveness of the French front-of-pack nutrition
label. Ernahrungs Umschau. 2017; 64:181-7.

Diario Oficial de la Federacion. Lineamientos por los que se dan a conocer los criterios nutrimentales y
de publicidad que deberan observar los anunciantes de alimentos y bebidas no alcohdlicas para publici-
tar sus productos en televisién abierta y restringida, asi como en salas de exhibi. 2014. http://www.dof.
gob.mx/nota_detalle.php?codigo=5340694&fecha=15/04/2014 Accessed 26 Jul 2016.

Ministerio de Salud de Ecuador. Rotulado de Productos Alimenticios. Ecuador; 2014. http://www.
normalizacion.gob.ec/wp-content/uploads/downloads/2014/08/RTE-022-1R.pdf Accessed 26 Jul 2016

Roodenburg AJC, Popkin BM, Seidell JC. Development of international criteria for a front of package
food labelling system: The International Choices Programme. Eur J Clin Nutr. 2011; 65:1190-200.
https://doi.org/10.1038/ejcn.2011.101 PMID: 21697817

Andre J. Las técnicas de Analisis de Contenido: una revision actualizada. Fund Cent Estud Anda-
luces. 2002;:1-34. https://doi.org/10.2307/334486

Strauss A, Corbin J. Bases de la Investigacion Cualitativa: Técnicas y procedimientos para desarrollar
la teoria fundamentada. Primera ed. Colombia: Sage Publications, Inc.; 2002.

Morse JM. Critical Analysis of Strategies for Determining Rigor in Qualitative Inquiry. Qual Health Res.
2015; 25:1212-22. https://doi.org/10.1177/1049732315588501 PMID: 26184336

Liamputtong P. Qualitative Research methods. Oxford. 4th edition. Australia; 2016.

Cortés F, Escobar A, Gonzales de la rocha M. Método Cientifico y politica social: a proposito de Iss eva-
luaciones cualitativas de los programas sociales. 1st edition. México, D.F.; 2008.

Secretaria de Salud. Estrategia nacional para la prevencion y el control del sobrepeso, la obesidad y la
diabetes. Secr Salud. 2013;:105. https://doi.org/10.1017/CBO9781107415324.004

UK Health Forum (2018). Public health and the food and drinks industry: The governance and ethics of
interaction. Lessons from research, policy and practice. London: UKHF.

Stern D, Tolentino L, Barquera S. Revision del etiquetado frontal: analisis de las Guias Diarias de Ali-
mentacion (GDA) y su comprension por estudiantes de nutricién en México. Inst Nac Salud Publica.
2011.

Tolentino-mayo L, C M, Patifio SR, C M, Bahena-espina L, Ed M, et al. Conocimiento y uso del etique-
tado nutrimental de alimentos y bebidas industrializados en México. 2018;60.

Diaz A, Veliz P, Rivas G, Mafla C, Martinez L, Vaca C. Etiquetado de alimentos en Ecuador: implementa-
cion, resultados y acciones pendientes Investigacion original. Rev Panam Salud Publica. 2017; 41:1-7.

Freire WB, Waters WF, Rivas-Marifio G. Seméaforo nutricional de alimentos procesados: Estudio cuali-
tativo sobre conocimientos, comprension, actitudes y practicas en el Ecuador. Rev Peru Med Exp
Salud Publica. 2017; 34:11-8. https://doi.org/10.17843/rpmesp.2017.341.2762 PMID: 28538841

Helfer P, Shultz TR. The effects of nutrition labeling on consumer food choice: A psychological experi-
ment and computational model. Ann N Y Acad Sci. 2014; 1331:174-85. https://doi.org/10.1111/nyas.
12461 PMID: 24913496

PLOS ONE | https://doi.org/10.1371/journal.pone.0225268 November 18, 2019 15/16


https://doi.org/10.1017/S1368980017000866
http://www.ncbi.nlm.nih.gov/pubmed/28625228
https://doi.org/10.1016/j.appet.2017.04.012
http://www.ncbi.nlm.nih.gov/pubmed/28428151
https://doi.org/10.3390/nu7085325
http://www.ncbi.nlm.nih.gov/pubmed/26305255
https://doi.org/10.1079/phn2005666
http://www.ncbi.nlm.nih.gov/pubmed/15705241
https://doi.org/10.1111/j.1753-4887.2012.00535.x
http://www.ncbi.nlm.nih.gov/pubmed/23206284
http://www.dof.gob.mx/nota_detalle.php?codigo=5340694&fecha=15/04/2014
http://www.dof.gob.mx/nota_detalle.php?codigo=5340694&fecha=15/04/2014
http://www.normalizacion.gob.ec/wp-content/uploads/downloads/2014/08/RTE-022-1R.pdf
http://www.normalizacion.gob.ec/wp-content/uploads/downloads/2014/08/RTE-022-1R.pdf
https://doi.org/10.1038/ejcn.2011.101
http://www.ncbi.nlm.nih.gov/pubmed/21697817
https://doi.org/10.2307/334486
https://doi.org/10.1177/1049732315588501
http://www.ncbi.nlm.nih.gov/pubmed/26184336
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.17843/rpmesp.2017.341.2762
http://www.ncbi.nlm.nih.gov/pubmed/28538841
https://doi.org/10.1111/nyas.12461
https://doi.org/10.1111/nyas.12461
http://www.ncbi.nlm.nih.gov/pubmed/24913496
https://doi.org/10.1371/journal.pone.0225268

@ PLOS|ONE

Understanding of front-of-pack nutritional labels by Mexican consumers

41.

42,

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Corvalan C, Reyes M, Garmendia ML, Uauy R. Structural responses to the obesity and non-communi-
cable diseases epidemic: Update on the Chilean law of food labelling and advertising. Obes Rev. 2019;
20:367—74. https://doi.org/10.1111/obr.12802 PMID: 30549191

Hersey JC, Wohlgenant KC, Arsenault JE, Kosa KM, Muth MK. Effects of front-of-package and shelf
nutrition labeling systems on consumers. Nutr Rev. 2013; 71:1-14. https://doi.org/10.1111/nure.12000
PMID: 23282247

Wartella E, Lichtenstein A, Lindsay A. Front-of-Package Nutrition Rating Systems and Symbols: Pro-
moting Healthier Choices. Adv Nutr. 2012; 3:332-3. https://doi.org/10.3945/an.112.001933

INEGI. Instituto Nacional de Estadistica y Geografia. http://www.inegi.org.mx/ Accessed 15 Jan 2018.

Grunert KG, Bolton LE, Raats MM. Processing and acting upon nutrition labeling on food : The state of
knowledge and new directions for transformative consumer research Nutrition Labeling in the USA and
EU : An Overview. 2008; 2030:1—40.

Talati Z, Pettigrew S, Kelly B, Ball K, Dixon H, Shilton T. Consumers’ responses to front-of-pack labels
that vary by interpretive content. Appetite. 2016; 101:205—13. https://doi.org/10.1016/j.appet.2016.03.
009 PMID: 26970293

Becker MW, Sundar RP, Bello N, Alzahabi R, Bix L, Lansing E, et al. Assessing Attentional Prioritization
of Front-of-Pack Nutrition Labels using Change Detection. 2016;:90-9.

Corporate Research Associates Inc.. Creative Concept Testing for Health Warning Messages. Final
Report. Canadd; 2005. http://tobacco.cleartheair.org.hk/wp-content/uploads/2017/03/Canada-2005-
Creative-Concept-Testing-for-Health-Warning-Messages-HC-Govt-Report.pdf Accessed Jul 28 2016

Hall MG, Sheeran P, Noar SM, Ribis| KM, Boynton MH, Brewer NT. A brief measure of reactance to
health warnings. J Behav Med. 2017; 40:520-9. https://doi.org/10.1007/s10865-016-9821-z PMID:
28120228

Cho YJ, Thrasher JF, Yong HH, Szklo AS, O’Connor RJ, Bansal-Travers M, et al. Path analysis of warn-
ing label effects on negative emotions and quit attempts: A longitudinal study of smokers in Australia,
Canada, Mexico, and the US. Soc Sci Med. 2018; 197:226—34. https://doi.org/10.1016/j.socscimed.
2017.10.003 PMID: 29096946

Mantzari E, Vasiljevic M, Turney |, Pilling M, Marteau T. Impact of warning labels on sugar-sweetened
beverages on parental selection: An online experimental study. Prev Med Reports. 2018; 12:259-67.

Diepeveen S, Ling T, Suhrcke M, Roland M, Marteau TM. Public acceptability of government interven-
tion to change health-related behaviours: A systematic review and narrative synthesis. BMC Public
Health. 2013; 13:1. https://doi.org/10.1186/1471-2458-13-1

Claudio Aqueveque (Escuela de Negocios UAI, Camila Corvalan (INTA U de C, Maria Luisa Garmendia
(INTA U de C, Sonia Olivares (INTA U de C, Marcela Reyes (INTA U de C, Isabel Zacarias (INTA U de
C. Estudio sobre evaluacion de mensajes de advertencia de nutrientes criticos en el rotulado de alimen-
tos. Santiago, Chile; 2012.

Acton R, Hammond D. Do Consumers Think Front-of-Package “High in” Warnings are Harsh or Reduce
their Control? A Test of Food Industry. Obes (Silver Spring). 2018;Nov; 26 (11):1687-91.

Mazza MC, Dynan L, Siegel RM, Tucker AL. Nudging Healthier Choices in a Hospital Cafeteria: Results
From a Field Study. Health Promot Pract. 2018; 19:925-934. https://doi.org/10.1177/
1524839917740119 PMID: 29169270

PLOS ONE | https://doi.org/10.1371/journal.pone.0225268 November 18, 2019 16/16


https://doi.org/10.1111/obr.12802
http://www.ncbi.nlm.nih.gov/pubmed/30549191
https://doi.org/10.1111/nure.12000
http://www.ncbi.nlm.nih.gov/pubmed/23282247
https://doi.org/10.3945/an.112.001933
http://www.inegi.org.mx/
https://doi.org/10.1016/j.appet.2016.03.009
https://doi.org/10.1016/j.appet.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/26970293
http://tobacco.cleartheair.org.hk/wp-content/uploads/2017/03/Canada-2005-Creative-Concept-Testing-for-Health-Warning-Messages-HC-Govt-Report.pdf
http://tobacco.cleartheair.org.hk/wp-content/uploads/2017/03/Canada-2005-Creative-Concept-Testing-for-Health-Warning-Messages-HC-Govt-Report.pdf
https://doi.org/10.1007/s10865-016-9821-z
http://www.ncbi.nlm.nih.gov/pubmed/28120228
https://doi.org/10.1016/j.socscimed.2017.10.003
https://doi.org/10.1016/j.socscimed.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29096946
https://doi.org/10.1186/1471-2458-13-1
https://doi.org/10.1177/1524839917740119
https://doi.org/10.1177/1524839917740119
http://www.ncbi.nlm.nih.gov/pubmed/29169270
https://doi.org/10.1371/journal.pone.0225268

