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Abstract
Objective: To compare, in adolescents, two models of front-of-pack Guideline Daily
Amounts (GDA) labels in terms of (i) friendliness and acceptance and (ii) the ability
to choose a diet that closely follows the nutritional recommendations.
Design: A randomized cross-over study was designed to compare two simplified
front-of-pack GDA nutrition labels.
Setting: A Spanish secondary school.
Subjects: Eighty-one healthy adolescents aged between 14 and 16 years were
recruited. Participants were randomly exposed to two experimental non-real
food-choice conditions using multiple-traffic-light or monochrome nutritional
labels. Participants had to choose options from a closed menu for 5 d on the basis
of the experimental front-of-pack labelling. For each meal, three food options
with different nutritional compositions were given to the participants. The contents of total energy and fat, saturated fat, sugar and salt of the chosen options
were calculated.
Results: There were no significant differences in baseline sociodemographic and
anthropometric characteristics between participants regardless of the experimental condition in which they started. There were no carry-over effects between
the experimental sequences. It was observed that when participants used the
multiple-traffic-light GDA system they chose significantly less total energy (mean
–123?1 (SD 211?0) kJ (229?4 (SD 50?4) kcal), P , 0?001), sugar (24?5 (SD 4?6) g,
P , 0?001), fat (22?1 (SD 4?5) g, P 5 0?006), saturated fat (21?0 (SD 1?9) g,
P 5 0?002) and salt (20?4 (SD 0?5) g, P , 0?001) than when they used the
monochrome GDA system.
Conclusions: Compared with the monochrome GDA front-of-pack nutritional
label, the multiple-traffic-light system helped adolescents to differentiate between
healthier and less healthy food, theoretically making it possible for them to
choose a diet closer to dietary recommendations.

In many parts of the world, food industries and distributors, consumers and governments are re-examining
the provision of nutritional information on food packages(1–7). The nutrition label is an important vehicle
through which food manufacturers can communicate
essential information about the nutritional value and
composition of their product. Consumers are interested in
the nutritional quality of food products and need transparent nutritional information about their purchases(8).
It is important that the nutritional information provided
be appropriate and understandable to the consumer and
that it has a positive impact on food-choice behaviours.
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Potentially, food labelling is a valuable tool to help consumers make informed decisions about their diet in order
to improve health and prevent chronic diseases.
In recent years, mandatory nutritional labelling
requirements have been established in several countries
including the USA(4), the EU(3), Australia and New Zealand(5).
In the EU countries, recent legislation(2) has aimed to help
consumers make healthy choices by requiring that nutritional
information be listed on packaged food in the form of a
nutritional information panel. When used by qualified health
professionals this information is highly informative, but
consumers find it difficult to understand(9).
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In addition to the customary back-of-pack table labels,
recently several food manufacturers and distributors
have begun using signposts on the front of packages to
help consumers interpret nutritional information(10).
Consumers, in general, like the idea of simplified frontof-pack information but have different preferences for the
various formats created(11): Guideline Daily Amounts
(GDA), colour-coded indicators of nutrient levels (traffic
lights) or healthy logos such as Sweden’s Green Keyhole(12) or the Australian Heart Foundation ‘Pick the Tick’
sign(13). The GDA show the total amount of energy and
nutrients as a percentage of what a typical healthy adult
should be eating daily on the basis of a 8374 kJ (2000 kcal)
diet. The traffic-light labels (simple or multiple) give
information about the level (i.e. high, medium or low)
of individual nutrients in the product using the colour
coding of red, yellow or green. The colour-coded GDA
combines the two previous label systems. Studies carried
out by the UK Food Standards Agency have shown that
the colour-coded labels, like the multiple-traffic-light and
coloured GDA formats, are the most widely accepted and
best understood by consumers(14,15).
However, differences in consumer preferences for the
various formats may be related to age and to conflicting
appreciations of ease of use, being fully informed and not
feeling pressured into behaving in a particular way. Most
consumers understand the most common signposting
formats(16). However, little is known about how labelling
information can affect consumers’ dietary patterns(9,17).
Nutrition labels are perceived as highly credible sources of information and many consumers use nutrition
labels to guide their selection of food products. However,
the extent to which labels are used varies considerably
across subgroups: use is lowest among adolescents, older
adults and individuals with low income or education or
who are obese, and highest among those individuals with
a healthier lifestyle and diet(1).
In general the behaviour associated with the use of
food labels has been studied in adults, but little is known
about adolescents. To study how adolescents behave in
response to nutrition labels is of great importance,
because the habits formed in childhood are generally
consolidated in adolescence and will remain in adulthood(18). In addition, adolescents are often very sensitive
about their diet and body image(19,20) and at the same
time very vulnerable to social food marketing(21). There is
strong evidence that marketing can influence young
people’s preferences and purchases(22). Adolescents are
also highly sensitive to external influences. For example,
several studies have found that higher television watching
is associated with an unhealthy dietary pattern(23).
Unfortunately, very few studies have examined the
impact of nutrition labels on adolescents(24–27). In general,
these studies have indicated that adolescents make little
use of nutritional labels. In a study conducted in an urban
primary-care clinic in the USA, only 22 % of adolescents

N Babio et al.

reported that they ‘always’ read the nutrition labels, 57 %
‘sometimes’ and only 22 % reported ‘never’ reading
them(24). In addition, contradictory results have been
reported in the literature about food-label use after
interventions designed to promote their use. For example,
evaluations of a 2006 US web-based nutrition intervention in
adolescents found no improvement in food-label use as a
result of the intervention(26); in contrast, a similar 2008 study
found that web-based interventions increased adolescents’
use of labels(27).
Therefore, the aim of the present study was to compare
how adolescents in experimental food-choice conditions
used two models of simplified front-of-pack GDA nutritional information which differed only in their use, or not, of
colour indicators of the nutrient level. Particular attention
was paid to two aspects: (i) adolescent friendliness and
acceptance and (ii) the ability of adolescents to choose a
diet that closely follows nutritional recommendations.

Materials and methods
Study populations
Eighty-one healthy participants of both sexes aged
between 14 and 16 years were recruited from a state
secondary school in Castellon (Spain). Exclusion criteria
for the present study were: (i) refusal or inability (lack of
capacity) to give informed consent; (ii) presence of an
eating disorder; (iii) intentional or unintentional weight
loss of more than 5 % over the previous 3 months; (iv) diet
modification as a result of metabolic or endocrine diseases;
(v) presence of a major psychiatric condition; (vi) taking
medication for chronic conditions; and (vii) professional
family relationship with the food industry. The Scientific
Committee of the Institut d’Investigació Sanitària Pere
Virgili, and the board of directors of the school, approved
the study protocol.
Study design
A randomized cross-over study was designed to compare
two simplified front-of-pack nutrition labels. Participants
were randomly assigned to two experimental sequences
of exposure to nutritional labels: (i) multiple-traffic-light
GDA (MTL-GDA) system – monochrome GDA (M-GDA)
system; and (ii) M-GDA system – MTL-GDA system. A
washout period of 1–3 weeks between the first and second
experimental conditions was used to test possible interactions between experimental condition and sequence order
(carry-over effect).
Procedure
Before exposing the participants to the experimental
conditions, the researchers explained each of the frontof-pack nutritional labelling systems used in the study to
the volunteers. Neither of the systems was encouraged or
discouraged. It was explained that the purpose of the
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Table 1 Energy and nutrient composition of the proposed menus in comparison to the GDA for women
Menus proposed
Nutrient
Energy
kJ
kcal
Fat (g)
Saturated fat (g)
Sugar (g)
Salt (g)

GDA for women

Unhealthy*

%GDA

Healthier-

%GDA

8374
2000
70
20
90
6

8792
2100
96?9
33?8
117?3
11?5

105
105
138
169
130
191

5949
1421
47?0
16?9
64?8
5?0

71
71
67
84
72
84

GDA, Guideline Daily Amounts(29); % GDA, energy or nutrient content of the menus offered, expressed as a percentage of the
Guideline Daily Amounts.
*Mean daily amount of energy and nutrients selected when all of the unhealthy options (food) were chosen.
-Mean daily amount of energy and nutrients selected when all of the healthier options (food) were chosen.

study was to investigate whether food labels help to
identify the ‘healthier variant’ of different foods.
Immediately after randomization, a self-administered
questionnaire on demographic and personal data, body
weight and height was completed by each participant.
The socio-economic level was evaluated by the modified
Hollingshead Index of Social Position(28), which divides
social level into five different classes: upper, upper middle, middle, lower middle and lower. We recoded them
into tertiles: low socio-economic level (lower), middle
socio-economic level (lower middle and middle) and
high socio-economic level (upper middle and upper).
Once the questionnaire had been completed, participants
had to choose options from an experimental menu (using a
paper notebook with tabs) for breakfast, lunch, snack and
dinner for 5 d according to the experimental simplified
front-of-pack nutritional condition assigned (see the example of a lunch in the online supplementary material).
Participants were exposed for a maximum of 15 min to each
experimental condition. For each meal, three food options
with different nutritional compositions were given to each
participant. In both experimental conditions the energy and
nutrient composition of the daily menus were the same and
close to the reference dietary intakes (Table 1). The mean
daily differences in the amount of energy and nutrients
offered in the healthier option v. the less healthy option
were 2843 kJ (679 kcal), 50?0 g of total fat, 16?0 g of saturated
fat, 52?5 g of sugar and 6?5 g of salt.
After completing the experiment, the adolescents’ response
to the labels was assessed with two questions: (i) ‘Which of
the two simplified front-of-pack nutrition labels is the most
helpful for choosing a healthy food option?’ and (ii) ‘Which
of the methods is easiest to use when choosing a healthy
diet?’ They were also asked about energy-restricted diet
antecedents and about their perception of their own body
weight/shape (normal weight, overweight or obesity).
Monochrome and multiple-traffic-light Guideline
Daily Amounts systems
The online supplementary material shows the options for
a lunch using the M-GDA (Panel A) and the MTL-GDA
(Panel B) front-of-pack label systems.

Table 2 Cut-offs used for traffic-light labels for a usual food serving
Nutrient

Low (green)
GDA ,7?5 %GDA

Energy
kJ
8374
kcal
2000
Fat (g)
70
Saturated fat (g)
20
Sugar (g)
60
Salt (g)
6

#628
150
#5?25
#1?5
#4?5
#0?45

Moderate
(yellow)

High (orange)
.20 %GDA

628–1675
150–400
5?25–14
1?5–4
4?5–12
0?45–1?2

$1675
400
$14
$4
$12
$1?2

GDA, Guideline Daily Amounts.

The MTL-GDA system for our study used green, yellow
and orange to represent a low, moderate and high content, respectively, of selected nutrients on the front of
food-product packs. Orange was used instead of red to
avoid the stigmatization of any food as forbidden. The cutoff to establish the traffic-light colours was based on criteria
from the UK Food Standards Agency(29), but expressed in
terms of a usual serving not 100 g of product.
The GDA used for labelling were based on the
average requirements of an adult woman(30): energy
intake, 8374 kJ/d (2000 kcal/d); total non-milk extrinsic
sugars, 60 g/d; total fat, 70 g/d; saturated fat, 20 g/d; and
salt, 6 g/d. A serving was coded as orange when it contained more than 20 % of the GDA for energy or nutrient
intake; green when it contained less than 7?5 % of the
GDA; and yellow when the value was between these two
categories. We chose the GDA values for women because
they simplify front-of-pack labels and are endorsed
by experts as a good benchmark for the general population because they help consumers to avoid overconsumption. Table 2 shows the traffic-light cut-off used
per serving.
When servings exceeded 250 g, the following cut-offs
were used to assign them to the orange category: total fat,
$21 g/serving; saturated fat, $6 g/serving; total sugars,
$18 g/serving; and salt, $24 g/serving.
Outcome variables
The average contents of energy, total and saturated fat,
sugar and salt were calculated using the 5-d options
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Table 3 General characteristics of the study participants depending on the order in which they were subject to the two experimental
conditions: healthy adolescents (n 81) aged 14–16 years, Castellon, Spain
Nutritional label system

Age (years)
Male (%)
BMI (kg/m2)
Socio-economic level (%)
Low
Middle
High

MTL-GDA system – M-GDA
system sequence
(n 41)

M-GDA system – MTL-GDA
system sequence
(n 38)

Mean

SD

Mean

1?0

16?1

16?2
44?7
21?5

SD

P value*

0?7

0?530
0?564
0?521

51?2
3?4

21?0

27?0
29?7
43?2

3?3
37?8
40?5
21?6

0?139

MTL-GDA, multiple-traffic-light Guideline Daily Amounts; M-GDA, monochrome Guideline Daily Amounts.
*P value using the unpaired Student t test or the x2 test.

chosen by each participant in both experimental conditions
and the commercial nutritional information.
Statistical analysis
Continuous variables are presented as the mean and standard deviation for normally distributed data, as the median
and interquartile range for non-normally distributed data,
and as percentages for categorical variables.
Comparisons between categorical variables were tested
by the x2 test. For comparisons of mean values of continuous variables, the Student t test or the Mann–Whitney
test for unpaired samples was used.
The possible interaction between the experimental
condition sequences (carry-over effect) was tested as
suggested by Senn(31). A Student t test was used to
compare the mean values of the sum of the two experimental conditions between the group that began with the
MTL-GDA system and the group that began with the
M-GDA system. To assess the effect of the label system
used, the Student t test was used to compare the same
two groups in terms of carry-over effect. On this occasion,
however, the value obtained was the first period subtracted
from the second period(31).
Two-tailed P values of ,0?05 were considered significant. Statistical analyses were made with the statistical
software package SPSS version 19?0.
Results
Study sample
Ninety-four students were contacted as eligible participants for the study. Of these, thirteen were not included
because they met the exclusion criteria, and two were lost
in follow-up because they did not complete the second
experimental condition. Thus, a total of seventy-nine
individuals were considered in the statistical analysis.
The general characteristics of the two populations
that were subjected to both experimental conditions in

different orders are described in Table 3. There were no
significant differences in sex, age, BMI or socio-economic
level between the participants who started the study
using the MTL-GDA or the M-GDA front-of-pack foodlabel experimental condition.
History of restricted diet and body weight
perception
A total of 10?1 % of the participants had been on an
energy-restricted diet in the past. Most of the participants
(78?5 %) perceived their body shape and weight to be
normal, and 15?2 % regarded themselves as being overweight. A total of 97?5 % of participants considered that
dietary pattern could have an important influence on their
health, but this perception was not different between girls
and boys (w21 5 0?003; P 5 0?957).
Almost ninety per cent (89?9 %) of the study participants preferred the MTL-GDA nutritional label system
because it was more friendly and understandable,
whereas only 2?5 % preferred the M-GDA label system.
Intervention results
No carry-over effect was observed between the experimental sequences on energy intake (t 5 1?2, df 5 77,
P 5 0?231), sugar (t 5 20?1, df 5 73?5, P 5 0?898), total fat
(t 5 1?8, df 5 76?4, P 5 0?072), saturated fat (t 5 1?6, df 5 77,
P 5 0?110) or salt (t 5 0?9, df 5 75?3, P 5 0?371).
Table 4 shows that participants using the MTL-GDA
system chose significantly less energy (2123?1 (SD 211?0)
kJ (229?4 (SD 50?4) kcal), t 5 23?6, df 5 66?4, P 5 0?001)
and fewer nutrients (24?5 (SD 4?6) g, t 5 26?2, df 5 65?1,
P , 0?001 for sugar; 22?1 (SD 4?5) g, t 5 22?8,
df 5 60?3, P 5 0?006 for total fat; 21?0 (SD 1?9) g, t 5 23?2,
df 5 60?8, P 5 0?002 for saturated fat; and 20?4 (SD 0?5) g,
t 5 25?4, df 5 75?6, P , 0?001 for salt) than those using
the M-GDA labels. It should be noted that the differences
between the most and the least healthy options represent
4?3 %, 8?6 %, 4?1 %, 5?8 % and 6?0 % less energy, sugar,
total fat, saturated fat and salt, respectively, when the

Downloaded from https://www.cambridge.org/core. 13 Apr 2021 at 00:15:31, subject to the Cambridge Core terms of use.

Front-of-pack food labels and adolescents

1407

Table 4 Energy and nutrient differences chosen by participants using the MTL-GDA or the M-GDA system: healthy adolescents (n 81) aged
14–16 years, Castellon, Spain
Difference between M-GDA and MTL-GDA systems

Energy (kJ)
Sugar (g)
Total fat (g)
Saturated fat (g)
Salt (g)

Mean

SD

Difference between the healthiest and least
healthy options expressed as a percentage

P value*

2123?1
24?5
22?1
21?0
20?4

211?0
4?6
4?5
1?9
0?5

24?3
28?6
24?1
25?8
26?0

0?0001
,0?001
0?006
0?002
,0?001

MTL-GDA, multiple-traffic-light Guideline Daily Amounts; M-GDA, monochrome Guideline Daily Amounts.
*P value using the Student t test for a single sample.

MTL-GDA nutritional label system was used. The differences between the energy and nutrients chosen using
both label systems are independent of the participant’s
socio-economic level and gender (data not shown).

Discussion
Recently, the Food and Nutrition Board of the Institute of
Medicine of the National Academies has recommended
moving away from front-of-package systems that mostly
provide nutritional information on foods or beverages but
do not give clear guidance about their healthfulness,
towards a system that encourages healthier choices
through simplicity, visual clarity and the ability to convey
meaning without written information(32). So, it is of great
interest to investigate how different types of front-of-pack
nutritional labelling formats affect food choice, purchase
and consumption.
To our knowledge, few studies have evaluated the
effect that different types of front-of-pack nutritional
labels have on consumer food choices, and none of the
studies that have been carried out have focused on adolescents. We focused on adolescents because they are
often very sensitive about their diet and body image and
at the same time very vulnerable to marketing techniques
used to influence consumer choices. Furthermore, habits
formed early in life are generally consolidated in adolescence and will remain during adulthood.
The present cross-over study indicated that the population studied chose a significantly different diet when
they used a colour-based traffic-light GDA front-of-pack
label compared with the same monochrome model. The
colours used in the multiple-traffic-light system helped
participants to identify healthy and less healthy products,
and to differentiate between them, thus making it possible for them to choose a diet that followed dietary
recommendations more closely.
The most probable and robust explanation for our
findings is that the MTL-GDA nutritional label is more
immediately comprehensible to consumers and easier
to interpret. Therefore, it allows them to choose foods
with fewer kilojoules, sugar, fats and salt. In fact, almost

ninety per cent of the adolescents preferred the multipletraffic-light system because it was more friendly and
understandable, whereas less than 3 % preferred the
monochrome system.
Several studies have evaluated the effect of different
types of front-of-pack nutritional labels on the ability of
consumers to differentiate healthier food products(15,33,34).
Kelly and co-workers(33), for example, used a sample of
790 adults from New South Wales, Australia to compare
four front-of-pack nutritional labelling systems: a monochrome percentage Daily Intake (%DI) system; a colourcoded %DI; and two variations of traffic-light systems
which used colour coding to indicate nutrient levels.
On the other hand, the consumers using traffic-light labels
were five and three times more likely to correctly identify
the healthier food products than the consumers using
the monochrome or the colour-coded %DI systems,
respectively, after adjusting for sex, education level and
household income(27). No differences were observed
between the monochrome and the colour-coded %DI
systems, probably because they represent eight nutrients
and not just the four or five nutrients represented by the
traffic-light labels. In addition, the results of the study by
Kelly et al.(33) suggest that the traffic-light system more
effectively allows consumers of a lower socio-economic
status – that is to say, those who are most at risk of obesity
– to identify healthy products(34). This is not the case in the
present study, because socio-economic level was not
observed to lead to any differences (data not shown).
Various studies have demonstrated that if a limited
number of nutrients are represented by means of traffic
lights, consumer acceptability increases(14,15,33). Trafficlight labelling formats led to high levels of understanding
and acceptance across ethnic and income groups in a
survey of 1525 shoppers in New Zealand(34). A randomized experimental study conducted on 420 adults from
Hamburg, Germany demonstrated that multiple-trafficlight labels helped consumers differentiate between
healthy foods and less healthy foods, particularly in
relation to body weight. Nevertheless, such changes in
perceived healthiness were unlikely to influence food
choice or consumption(15). In a study conducted with
ninety-two adults, Jones and Richardson also found that
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the traffic-light system, unlike the standard nutritional
label, helped to guide the attention of the consumer to
the important nutrients and improved the accuracy of the
health ratings of nutrition labels(35).
Although front-of pack nutrition labelling seems to help
consumers make healthier food choices, lack of attention
to these labels can limit their effectiveness. Recently, it has
been shown that although consumers evaluate nutritional
tables positively, these tables receive little attention and
do not prompt healthy options(36). The previous study
demonstrated that traffic-light labels and logos enhance
healthy product choice, even when consumers are subject
to the pressure of time. So, it is important to know the
conditions in which subjects are surveyed if the results are
to be correctly interpreted. In this regard, our survey lasted
for only 35 min, which reflects real purchase conditions.
This time is probably too short to correctly identify the
healthiest options for 5 d.
Our study has strengths and weaknesses. Among its
strengths we should highlight the randomized cross-over
design and that the baseline variables were controlled
between both experimental groups. In addition, to ensure
that our findings could be attributed to the differences in
the front-of-pack labelling, the food packages in our
study did not show other relevant nutritional information
such as lists of ingredients, nutritional claims or brand
names, which may have had an influence on survey
responses.
Our study also has several limitations. First, our sample
was recruited from only one school. Therefore, our
findings cannot be extrapolated to the general population. Another important limitation is that we assessed only
potential food choice and not real shopping or consumption. It was a non-real food-choice experimental
situation. Therefore, the results may not reflect exactly
what would happen in a real context. In this regard, very
few studies have tested consumption or purchases in real
conditions. Temple et al. found that traffic-light labels
can increase consumption of more healthy foods and
decrease consumption of the less healthy ones in lunches
consumed in laboratory conditions(37). Although not all
research supports the notion that traffic-light nutritional
labelling is likely to have an effect on behaviour(10), some
authors argue that traffic-light labelling may impact consumer purchasing patterns only in the longer term or if
labelling covers a wide range of products(38).
Bearing these limitations in mind, we conclude that the
traffic-light GDA front-of-pack label may help adolescents
to more readily identify products with lower amounts of
energy, sugars, total fats and salt than a monochrome
model. Nutritional labels are used relatively little among
adolescents but, even so, our adolescents were able to
construct a diet with fewer nutrients and less energy,
which in a different situation and from the point of view
of the prevalence of childhood/youth obesity and adult
chronic disease would be beneficial. However, future
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research into labelling should determine the impact that
nutritional labels can have on consumer behaviour and
be extended to other population groups.
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