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Abstract

Background: The effectiveness of Front-of-Pack nutrition Labels (FoPLs) may be influenced by national context. In
light of the ongoing efforts to harmonize FoPLs across Europe, this study aimed to compare the effectiveness of
five FoPLs (Health Star Rating system, Multiple Traffic Lights, Nutri-Score, Reference Intakes, Warning symbols) on
consumer understanding and food choice in 12 European countries.

Methods: In 2018–2019, for three food categories, approximately 1000 participants per country were asked to
select which food they would prefer to purchase between three products with distinct nutritional quality profiles,
and then to rank the products by nutritional quality. Participants (N = 12,391 in total) completed these tasks first
with no FoPL and then, after randomization to one of the five FoPLs, with a FoPL on the food packages.
Associations between FoPLs and change in (i) nutritional quality of food choices and (ii) ability to correctly rank the
products by nutritional quality were assessed with logistic regression models adjusted for sociodemographic and
lifestyle characteristics of participants, conducted overall and by country.

Findings: Compared with the Reference Intakes, the Nutri-Score (OR = 3.23[2.75–3.81]; p < 0.0001), followed by the
Multiple Traffic Lights (OR = 1.68[1.42–1.98]; p < 0.0001), was the most effective FoPL in helping consumers identify
the foods’ nutritional quality, overall and in each of the 12 countries. Differences between FoPLs regarding food
choice modifications were smaller, but the effect of the Nutri-Score seemed slightly higher in eliciting healthier
food choices overall compared with the Reference Intakes, followed by the Warning symbols, the Multiple Traffic
Lights and the Health Star Rating system.

Interpretation: In the context of FoPL harmonization in Europe, these findings from an online experiment provide
insights into the Nutri-Score’s effectiveness on European consumers.
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Introduction
Front-of-Pack nutrition Labels (FoPL) have been identi-
fied as potential tools to improve the dietary habits of
populations and thus help prevent obesity and non-
communicable diseases [1]. Along with helping con-
sumers interpret the nutritional quality of food products
by providing simplified nutritional information [2, 3],
FoPLs can improve the nutritional quality of the food
supply through the reformulation and innovation of food
products by manufacturers [4].
In recent decades, multiple voluntary FoPL schemes

have been implemented worldwide, including in several
European countries, with some endorsed by govern-
ments while others have been developed as initiatives by
food manufacturers or non-governmental organisations
[5]. Thus, given the European regulation on nutritional
labelling, the presence of multinationals and the free
movements of goods across borders in Europe [6], mul-
tiple FoPL formats can currently be found on the Euro-
pean market, including the Green Keyhole in Nordic
countries (since the 1990s), the Multiple Traffic Lights
in the United Kingdom (UK) (since 2013), the Nutri-
Score in France, Belgium, Spain, Germany, the
Netherlands, Luxembourg and Switzerland (since 2017–
2019), the warning symbols on salt content in Finland or
the Reference Intakes developed by manufacturers (since
2006). All of these labels have been implemented in a
voluntary manner as mandatory implementation of FoPL
is currently not possible in Europe. A harmonization of
FoPLs in Europe is thus currently being discussed in
order to prevent confusion among consumers and sim-
plify for manufacturers the distribution of goods across
multiple countries [5]. To help governments and the
European Commission make an informed decision when
selecting an existing or new FoPL in Europe, it appears
of major importance to investigate in different European
countries the relative effectiveness of FoPLs, in particular
because the Nutri-Score is being considered in a grow-
ing number of countries and is supported by consumers
associations and a growing number of food retailers and
food manufacturers [7].
FoPLs implemented worldwide and notably across

Europe vary according to their graphical format, using a
nutrient-specific (i.e. displaying information on specific
nutrients, generally unfavourable) or summary (i.e. indi-
cating the overall nutritional quality of foods) approach,
using a colour-coded or monochrome format, and vary-
ing in the degree of interpretive aids they provide [8]. In
2007, a theoretical framework was published to
summarize the different key steps of FoPL use, including
visual perception, attitudes, understanding, and effect on
food choices [9]. Most of the studies on FoPL evaluation
have observed that the graphical format could influence
the different dimensions of FoPL effectiveness. Research

to date indicates that interpretive FoPLs proving guid-
ance to consumers to interpret the nutritional quality of
foods – through the use of symbols or colours for ex-
ample, as is the case for the Multiple Traffic Lights, the
Nutri-Score, the Warning symbols, or the Health Star
Rating system – are well perceived by consumers, better
understood and more effective in encouraging healthier
choices than purely informative labels displaying only
numerical information such as the Guideline Daily
Amounts, or the Reference Intakes [10–12]. However,
most of the studies focused on older formats (e.g. Mul-
tiple Traffic Lights, Guidelines Daily Amounts or Refer-
ence Intakes), and fewer studies have investigated the
effectiveness of recent schemes (e.g. Health Star Rating
system, Nutri-Score, the Warning symbols), or have ex-
plored the effectiveness of these FoPLs across different
countries. The literature suggests the potential influence
of sociocultural contexts on understanding and use of
FoPLs [13–15], making international comparisons import-
ant when attempting to identify FoPLs that would be ap-
propriate for cross-country application. The present study
compares the performance of the five FoPLs in terms of
objective understanding of nutritional quality and food
choices among consumers in 12 European countries par-
ticipating in the FOP-ICE (Front-Of-Pack International
Comparative Experimental) study [16, 17].

Materials and methods
Participants
Using an international accredited web panel provider
(PureProfile), between April and July 2018 during the
first wave of the FOP-ICE study, approximately 1000
participants per country were recruited in 12 countries,
including the six following European countries: Bulgaria,
Denmark, France, Germany, Spain, and the UK (N =
6013 participants). Then, between March and July 2019,
approximately 1000 participants per country were also
recruited from six additional European countries:
Belgium, Italy, the Netherlands, Poland, Portugal, and
Switzerland (N = 6378 participants). Thus, a final sample
of 12,391 European participants was reached. These
countries were selected for different reasons: (1) coun-
tries corresponded to various regions of Europe (North-
ern, Eastern, Western and Southern Europe); (2) some
countries were facing public debates on front-of-pack la-
belling during the study; and (3) some countries in
which a FoPL was already implemented were selected to
enable assessment of the effects of familiarity with a
scheme (i.e. the United Kingdom with the Multiple Traf-
fic Lights, France and to a lesser extent Belgium with the
Nutri-Score). To ensure equal coverage of main popula-
tion sub-groups, recruitment was performed using a
quota sampling method regarding gender (50% of
women), age (one-third in each category of 18–30 years,
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31–50 years and over 50 years), and socioeconomic sta-
tus (one-third across low, medium and high household
income levels). For each country, income level categories
were calculated using the median household income of
the country and creating a bracket of +/− 33% around
this median. This represented the ‘intermediate’ income
band. Incomes below or above corresponded respectively
to the low- and high-income levels. To assess eligibility,
participants were asked to report their purchasing fre-
quency for the three food categories tested (pizzas, cakes
and breakfast cereals). Individuals who declared never
purchasing any of these products were ineligible to par-
ticipate. The study protocol was approved by the Institu-
tional Review Board of the French Institute for Health
and Medical Research (IRB Inserm n°17–404 bis) and
the Curtin University Human Research Ethics Commit-
tee (HRE2017–0760), and the written consent of all par-
ticipants was obtained at the beginning of the
questionnaire. The protocol can be found at https://
www.anzctr.org.au/ACTRN12618001221246.aspx.

Stimuli and procedure
Stimuli
Three food categories (1) displaying high variability in
nutritional quality of products within the category and
(2) commonly consumed in the different countries in-
cluded were chosen, corresponding to pizzas, cakes, and
breakfast cereals. For each category, a set of three prod-
ucts with clearly distinct nutrient profiles (lower, inter-
mediate and higher nutritional quality) was developed:
three pizzas (vegetarian pizza – Quattro Stagioni; mixed
pizza – Regina; cheese pizza – Quattro Fromaggi), three
cakes (cheesecake; brownie; poundcake), and three
breakfast cereals (cornflakes; chocolate cereals; chocolate
filled cereals). The stimuli were identical in the 12 coun-
tries and across conditions to enable cross-cultural com-
parisons of FoPL effectiveness in standardized
conditions. Mock packages were created to resemble real
food products but with a fictional brand (“Stofer”). In
the second part of the study, FoPLs were affixed to the
front of packages and covered roughly the same surface
area on all food products. A zoom function was available
to allow participants to enlarge any area of the package
including the FoPL. No other information or quality in-
dicators (e.g. nutrition or health claims, price, organic
label) appeared on the mock packages to limit the influ-
ence of other factors on participants’ perceptions and
choices.

Procedure
Participants were invited to respond to an online survey
that was translated to the national language of each
country. Participants were first invited to answer ques-
tions on gender, age, monthly household income,

household composition, education level, purchasing fre-
quency of the tested food categories, involvement in gro-
cery shopping, self-estimated level of nutrition
knowledge and self-assessed diet quality. Then, partici-
pants were invited to perform choice and ranking tasks.
The food choice task was completed before assessing
understanding to avoid priming effects. First, partici-
pants were asked to select the product within the set of
three products without any FoPL they would be most
likely to purchase. An “I wouldn’t buy any of these prod-
ucts” option was also available. Then, they were invited
to rank the set of three products without any FoPL ac-
cording to their nutritional quality by choosing for each
product “1 – Highest nutritional quality”, “2 – Inter-
mediate nutritional quality” or “3 – Lowest nutritional
quality”. An “I don’t know” option was also available.
Participants completed the choice and ranking tasks suc-
cessively for the three food categories. They were then
randomized to one of the five FoPLs and invited to re-
peat the choice and ranking tasks for the three categor-
ies. The expected ranking of the products within a set
according to nutritional quality was similar whatever the
FoPL affixed to the front of packages. The choice and
ranking tasks for pizzas are provided as an illustrative
example in Fig. 1 [18]. At the end of the questionnaire,
participants were asked if they recalled having seen the
label to which they were exposed. Any potential bias re-
lated to the presentation order of categories and prod-
ucts was controlled for by randomising the order in
which the food categories and products within sets were
presented.

Front-of-pack nutrition labels
The five FoPLs included in the present study are
depicted in Fig. S1 [18]. Three nutrient-specific formats
were tested, including (i) the Reference Intakes label, a
purely numerical monochromatic scheme providing in-
formation on the amounts of energy and nutrients of
concern (i.e. total fats, saturated fats, sugars and salt) per
portion and in terms of contribution to the daily guide-
line intakes; (ii) the Multiple Traffic Lights, a colour-
coded label displaying information on the content per
portion of energy and the same nutrients of concern,
with associated colours per nutrient (green for low, or-
ange for medium and red for high amounts); (iii) the
Warning symbols, black warning labels applied on prod-
ucts when the level of energy or a given nutrient of con-
cern (saturated fats, sugars, sodium) exceeds what is
considered a healthy amount. Two summary labels were
also included in the study: (i) the Nutri-Score, a sum-
mary colour-coded scheme characterizing the overall
nutritional quality of a product using a 5-colour scale
going from green (associated with the letter A) to red
(associated with the letter E) and (ii) the Health Star
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Rating system that uses a graded scale of stars combined
with information on nutrient amounts.

Outcomes and statistical analyses
Food choices
For each food category and labelling condition (no FoPL
and with FoPL), choice was coded on a 3-point scale,
from + 1 point for the product of the lowest nutritional
quality, to + 3 points for the product of the highest nu-
tritional quality. For each food category, a score was cal-
culated as the difference between the FoPL and no FoPL
conditions, ranging between − 2 (the highest possible de-
terioration in the nutritional quality of the food choice
with the label compared to no label) to + 2 points (the
highest possible improvement). For each participant,
scores of the three food categories were summed to pro-
vide an overall discrete choice score ranging between − 6
and + 6 points. In descriptive analyses, the number of
participants exhibiting deteriorated or improved choices
was calculated for each category and each FoPL group.
Then, in each country, the associations between the
FoPLs and the change in the nutritional quality of
choices were estimated using multivariable logistic re-
gression models, adjusted for covariates, including sex,
age, educational level, level of income, responsibility for
grocery shopping, self-estimated diet quality and self-
estimated nutrition knowledge level. These analyses in-
cluded only participants who made a choice in the two
labelling conditions. The FoPLs’ performances were
compared in the model using the Reference Intakes as
the reference category. For the overall sample, meta-

analysis statistical method was used to assess the overall
effect of FoPLs on food choices using a mixed ordinal
logistic regression model with a random effect of the la-
bels. Analyses were performed for the three food cat-
egories combined and by category. Sensitivity analyses
were conducted with an additional adjustment on the re-
sponse to the question “Did you see the label during the
survey?”. Finally, other sensitivity analyses were per-
formed by adjusting the overall models by food category
on the corresponding purchasing frequency.

Objective understanding
Objective understanding of the FoPLs by participants
was assessed by comparing the results to the ranking
tasks in the two labelling conditions. The ranking was
considered correct when the three products within a set
were ranked in the expected order according to their nu-
tritional quality. The number of correct responses in the
two labelling conditions and the percentage of change
between the two conditions were computed for each
food category and FoPL group. Then, for each food cat-
egory, − 1 point was given to the participant if the rank-
ing was incorrect, 0 if the participant chose the “I don’t
know” option and + 1 point if the participant correctly
ranked the three products. Using the difference in points
between the two labelling conditions, a score by food
category ranging from − 2 to + 2 points was computed.
Finally, an overall discrete understanding score was
computed by summing the three food category scores,
ranging from − 6 to + 6 points. The associations between
FoPLs and the change in participants’ ability to correctly

Fig. 1 Procedures for the choice and ranking tasks for the pizza category
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rank products according to nutritional quality were eval-
uated in each country using multivariable ordinal logistic
regression, adjusted for the same covariates as the choice
models, and the Reference Intakes was again used as the
reference category. Similar to the choice analyses, a
mixed ordinal regression model with a random effect of
the label was used in the overall sample. Analyses were
performed across and within food categories. Sensitivity
analyses were conducted with an additional adjustment
on the response to the question “Did you see the label
during the survey?”. Sensitivity analyses were also per-
formed, without discriminating participants having
responded “I don’t know” to the ranking task from those
having ranked at least one product out of the expected
order, following previous methodology (1 point if the
ranking was correct, 0 point if the participant responded
“I don’t know” or ranked at least one product out of
order) [16]. Similar to the choice analyses, other sensitiv-
ity analyses were performed by adjusting the overall
models by food category on the corresponding purchas-
ing frequency.
Interactions between FoPLs and nutrition-related indi-

vidual characteristics (i.e., self-estimated diet quality and
nutrition knowledge) on choice and understanding out-
comes were tested. All analyses were performed with
SAS statistical software. Statistical tests were two-sided
and a p-value of ≤0.05 was considered statistically sig-
nificant. The False Discovery Rate approach proposed by
Benjamini and Hochberg (1995) was used to account for
multiple testing.

Results
Description of the sample
The sociodemographic and lifestyle characteristics of the
sample are described overall and by country in Table 1.
Overall, 32.58% of participants had a primary or second-
ary school education level only, 71.50% reported being
responsible for grocery shopping, 22.35% reported hav-
ing a mostly or very unhealthy diet and 22.86% reported
having little or no nutrition knowledge.
Overall, 59.08% of participants recalled having seen

the FoPL they were exposed to during the survey, with
homogeneous results across countries but heterogeneous
results depending on the label. The Warning symbols
(4.2.58%) and the health star rating system (49.66%) had
the lowest proportions of participants recalling having
seen the labels throughout the survey. The average dur-
ation of the online survey was 13min.

Food choices
Overall, across the five FoPL groups the percentage of
participants improving the nutritional quality of their
choices in the labelled condition compared to no label
was higher than the percentage of participants who

selected a product with lower nutritional quality with
the FoPL compared to no label (Fig. S2). While the de-
terioration results were similar across FoPLs (between
3.5 and 4.9% of choices), the Nutri-Score appeared to
lead to the highest percentage of participants improving
their choices (between 7.7 and 11.2% across food cat-
egories), followed by the Multiple Traffic Lights (be-
tween 6.3 and 10.4%). The relative performance of the
other FoPLs varied across food categories.
In the overall sample and the three food categories com-

bined, compared to the Reference Intakes, the Nutri-Score
was associated with the highest improvement in the nutri-
tional quality of food choices (Odds Ratio OR = 1.36 [95%
confidence Interval 1.19–1.55], p-value = 0.0001), followed
by the Multiple Traffic Lights (OR = 1.21 [1.06–1.39], p-
value = 0.02) (Fig. 2). The Warning symbols and the
Health Star Rating system did not demonstrate any signifi-
cant effect compared to the Reference Intakes. When ana-
lyses were performed by country, a significant positive
association was only found for the Nutri-Score in France
(OR = 2.40 [1.55–3.71], p-value = 0.02) after correction for
multiple testing. When analyses were performed by food
category, similar trends were observed overall for the
Nutri-Score (Table S1 and S2). Within food categories,
the Nutri-Score was the only FoPL to show a significant
positive effect among pizzas and breakfast cereals on the
food choices of the overall sample. In sensitivity analyses
with an additional adjustment for the response to the
question “Did you see the label during the survey?”, asso-
ciations were strengthened with a significant effect of the
Nutri-Score, followed by the Warning symbol, the Mul-
tiple Traffic Lights, and the Health Star Rating system,
compared to the Reference Intakes (Table S3). Similar re-
sults were observed when models were adjusted on the
food category purchasing frequency (Table S4). No inter-
action was found between the FoPL outcomes and
nutrition-related individual characteristics.

Objective understanding
All FoPLs improved the number of correct answers
compared to no label; however, large disparities were
observed between FoPLs (Fig. S3). The Nutri-Score dem-
onstrated the highest percentage of improvement in the
number of correct answers, followed by the Multiple
Traffic Lights. In the overall sample and the three food
categories combined, all FoPLs were significantly more
efficient than the Reference Intakes in improving partici-
pants’ ranking ability, with heterogeneous results de-
pending on the label format (Fig. 3). Indeed, compared
to the Reference Intakes, the Nutri-Score demonstrated
the best performance (OR = 3.15 [2.68–3.71], p-value<
0.0001), followed by the Multiple Traffic Lights (OR =
1.66 [1.41–1.95], p-value< 0.0001), the Health Star Rat-
ing system (OR = 1.33 [1.14–1.57]; p-value = 0.002), and
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then the Warning symbols (OR = 1.24 [1.06–1.45], p-
value = 0.02). When analyses were performed by coun-
try, the Nutri-Score remained the FoPL demonstrating
the best performance in all 12 countries (between
OR = 2.12 [1.49–3.02], p-value = 0.0006 for Poland and
OR = 6.21 [4.27–9.04], p-value< 0.0001 for Portugal),
while the relative performance of other FoPLs varied
across countries (Table S5 and S6). The significant

overall effect of FoPLs appears to be mainly driven by
a positive effect in the cakes category, even though
the Nutri-Score showed a positive effect for all three
categories (Table S5 and S6). In sensitivity analyses
adjusted for the response to the question “Did you
see the label during the survey?” or without a distinc-
tion between incorrect ranking and no response, simi-
lar results were observed with consistency of the

Fig. 2 Changes in the nutritional quality of food choices between the FoPL and no-FoPL labelling conditions, compared to the Reference Intakes
label. * Significant results (p-value≤0.05) after False Discovery Rate correction for multiple testing modifying the p-value. The reference of the
multivariate ordinal logistic regression for the categorical variable ‘FoPL’ was the Reference Intakes label. The multivariate model was adjusted on
sex, age, educational level, level of income, responsibility for grocery shopping, self-estimated diet quality, and self-estimated nutrition knowledge
level. FoPL: Front-of-Pack nutrition Label
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relative performance of FoPLs (Tables S7 and S8).
When models were adjusted on the food category
purchasing frequency, similar results were observed
(Table S9). Similar to the choice analyses, no inter-
action was found between the FoPL outcomes and
nutrition-related individual characteristics.

Discussion
In the present study, compared to the Reference Intakes,
the Nutri-Score demonstrated the greatest ability to help
consumers rank the nutritional quality of foods, followed
by the Multiple Traffic Lights, the Health Star Rating
system and the Warning symbols. While similar trends

Fig. 3 Changes in ability to correctly rank products between the FoPL and no-FoPL labelling conditions, compared to the Reference Intakes label,
* Significant results (p-value≤0.05) after False Discovery Rate correction for multiple testing modifying the p-value. The reference of the
multivariate ordinal logistic regression for the categorical variable ‘FoPL’ was the Reference Intakes label. The multivariate model was adjusted on
sex, age, educational level, level of income, responsibility for grocery shopping, self-estimated diet quality, and self-estimated nutrition knowledge
level. FoPL: Front-of-Pack nutrition Label
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were observed for the Nutri-Score in all 12 countries,
the performance of the other FoPLs varied by coun-
try. Regarding the effect on food choices, differences
between FoPLs were much smaller; nevertheless, for
some of the countries (but significant results for
France only) the Nutri-Score appeared to be also the
most effective in improving the nutritional quality of
food choices compared to the Reference Intakes.
These findings are in line with the results observed in
the other countries included in the first wave of the
FOP-ICE study, especially in regard to objective un-
derstanding [16, 17].
Consistent with our findings, it has been found in the

literature that interpretive FoPLs that provide guidance
via their graphical format were more easily understood
by consumers compared to purely informative labels
(e.g. the Reference Intakes) [10]. In line with other stud-
ies [12, 16, 19], the Nutri-Score, followed by the Mul-
tiple Traffic Lights, was the FoPL associated with the
largest improvement in participants’ ability to correctly
rank the nutritional quality of foods, both overall and in
the different individual countries included in the present
study. The strong objective understanding results for the
Nutri-Score followed by the Multiple Traffic Lights may
be partly explained by the colour-coding used within
these schemes, both of which use the green-red poly-
chromatic scale. Colour-coding is likely to increase label
salience, reducing the time needed by consumers to de-
tect the information [20]. Second, colour-coding could
help the interpretation of the information conveyed by
the label, a later stage of information processing. In
many countries, green reflects a “go” signal while red
represents a “stop” signal, associations that are used in
front-of-pack nutritional labelling and universally under-
stood by consumers [21]. This could partly explain the
higher performance of the Nutri-Score and the Mul-
tiple Traffic Lights compared to monochromatic for-
mats (Health Star Rating system and the Warning
symbols). Additional works could be conducted test-
ing the effectiveness of different variants of a FoPL
(colour-coded vs. monochrome) in order to better as-
sess the insight of colour-use on consumers’ response
[13, 22–24]. In addition, the superior performance of
the Nutri-Score compared to the Multiple Traffic
Lights may be related to the use of a summary indi-
cator rather than a nutrient-specific format. Indeed, it
has been suggested in the literature that summary
schemes might be associated with a lower cognitive
workload, while formats providing numerical informa-
tion only require more time to process information
and could lead to potential confusion about nutri-
tional terms [12, 25].
Multiple studies have investigated the effect of

FoPLs on food choices and purchases, with results

suggesting that interpretive systems, such as the
Nutri-Score [12], Multiple Traffic Lights [12, 26–28],
the Health Star Rating [12, 27], and warning labels
[29–33], may be particularly effective in encouraging
healthier food choices. In our study, FoPLs seemed to
improve the nutritional quality of food choices com-
pared to no label, but with small differences between
FoPLs. Nevertheless, the Nutri-Score showed the best
results overall compared to the Reference Intakes.
These findings might be considered with respect to
the framework of Grunert et al., stating that the un-
derstanding of a FoPL can affect food choices [9].
Therefore, the higher performance of the Nutri-Score
in helping the participants assess the relative nutri-
tional quality of foods could partly explain its slightly
larger impact on choices. However, it is important to
note that the magnitude of the differences between
FoPLs was much smaller regarding food choices than
objective understanding. The methodology used might
partly account for these results, given that the choice
task pertained to a limited set of food products/cat-
egories. Indeed, it has been suggested that results of
choice tasks might be influenced by the categories of
products as well as the extent of product selection
within the choice set [13].
In our experimental study, similar patterns of FoPL

effects on food choice and understanding by con-
sumers were observed in the different countries in-
cluded, consistent with previously published results
[16, 17, 34]. In the 12 countries, the Nutri-Score was
the FoPL associated with the highest objective under-
standing by consumers. This could be related to its
two graphical features: the summary indicator, and
the use of colour-coding, which is universally under-
stood by individuals. Although similar trends in the
relative performance of FoPLs were observed across
countries, the effect amplitudes were slightly different.
Most of the countries in the present study that dem-
onstrated a particularly strong association between
the Nutri-Score and objective understanding com-
pared to the Reference Intakes have recently been dis-
cussing the potential implementation of a national
FoPL, with the Nutri-Score being considered as a vi-
able option (i.e. France, Switzerland, the Netherlands,
Portugal, Spain). According to the literature, the role
of the public debate about nutrition, the national con-
text and history regarding nutritional labelling and es-
pecially front-of-pack labelling, as well as potential
media debate, might influence consumers’ responses
to FoPLs in any given country [13–15]. The debates
related to FoPL implementation might have been
reflected in the choice analyses as well, but to a lesser
extent. However, the potential influence of the media
and public debates on FoPL effectiveness could not
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be measured in the present experiment. No clear pat-
tern was observed for the other FoPLs that were
tested in the present study. Finally, the Nutri-Score
with its key graphical features seemed to outweigh
any potential familiarity effects, given that it also
showed stronger performance in the UK compared to
the nutrient-specific Multiple Traffic Lights, which
was implemented in that country in 2005.
This study provides more insights on the effective-

ness of five FoPLs currently implemented worldwide,
including the main types of label graphical format
(i.e. monochromatic versus colour-coded, summary
versus nutrient-specific) and using a randomization
design, in multiple European countries. The recruit-
ment strategy using quota sampling allowed us to bal-
ance the sample in each country and to reach
individuals of various sociodemographic profiles, in-
cluding low-income individuals who are difficult to
access in research and for which the effectiveness of
FoPLs could vary, rather than obtain representative
samples in each country. In addition, this approach
provided similar samples across countries thus enab-
ling cross-cultural comparisons of FoPL effectiveness.
However, caution is therefore required regarding the
extrapolation of the present findings. Finally, a poten-
tial learning effect during the survey was limited by
randomizing the order of (i) the food categories and
(ii) the products within the sets. While learning ef-
fects could not be completely eradicated, any poten-
tial bias would have influenced the five FoPLs equally
and thus would not have modified the relative per-
formance of the schemes. However, some limitations
should be acknowledged. First, despite the inclusion
of various sub-groups of populations, recruitment via
quota sampling resulted in samples that may not be
representative of the populations in the various coun-
tries. In addition, participation in the survey was vol-
untary and the percentages of individuals reporting
having a healthy diet and being knowledgeable about
nutrition were high. These limitations indicate a need
for caution when extrapolating the results. Second,
participants were blind to the study objectives and no
information was provided on the meaning of the
FoPLs, which may have impacted the interpretation of
the provided information. Nevertheless, our objective
was to compare the FoPLs, and these potential biases
affected all FoPLs equally. Third, preferences of par-
ticipants for some food products may have influenced
their food choices or their ability to identify and rank
the nutritional quality of products, but were not
assessed in the present study. However, this potential
bias would be similar whatever the FoPL and would
not have affected the relative performances of the
various schemes. This aspect was confirmed by the

similar trends observed in sensitivity analyses adjusted
for the purchasing frequency of food categories,
reflecting participants’ preferences. Finally, the study
was conducted in experimental conditions, which dif-
fer from real-life settings where additional factors
such as price may influence consumers’ food choices,
and inferences about missing information could have
been made by participants. Therefore, the findings of
the study on FoPLs’ effectiveness have to be taken
with caution and only hold notably for equally priced
foods with different nutrient profiles. Even if virtual
purchasing behaviours have been suggested to be good
predictors of real behaviours [35], intentions can differ
from real food behaviours [36, 37], and some real-life
studies have suggested that FoPLs could be effective under
specific condition [38, 39]. Investigating the effects of
FoPLs on actual food purchases and real-life environments
would therefore provide more definitive conclusions as to
the various formats’ real impact to complement experi-
mental findings. Nevertheless, the experimental online de-
sign allowed the study to be conducted in standardized
conditions in all countries and for cross-cultural compari-
sons to be performed, while accommodating logistical and
financial constraints.
Among the five FoPLs tested in the present experi-

ment, the Nutri-Score, closely followed by the Multiple
Traffic Lights and the Warning symbols, emerged as the
most effective FoPL in terms of helping European con-
sumers assess the nutritional quality of products and po-
tentially encouraging them towards healthier food
choices. This study provides insights on the effectiveness
of five FoPLs already implemented worldwide in mul-
tiple European countries and the findings are particu-
larly important for the current debate about
harmonization of front-of-pack nutritional labelling in
Europe, with the announcement of the European Com-
mission to select a single FoPL in Europe in 2022 as part
of the ‘Farm to Fork’ strategy from the Green Deal.
While the Nutri-Score is implemented or considered by
a growing number of European countries, some alterna-
tives are proposed by opponents, such as the NutrIn-
form Battery scheme – a variant of the Reference
Intakes label – supported by the Italian government.
International scientific studies are thus needed to con-
firm the effectiveness of summary colour-coded FoPLs,
such as the Nutri-Score, in multiple European countries,
especially from Northern and Eastern Europe, and assess
other schemes such as the Italian NutrInform Battery,
whose original format – the Reference Intakes – has
shown no effect on consumer behaviours in most studies
where it has been evaluated. Further research is also
needed on the effectiveness of these FoPLs on food pur-
chases of European consumers, especially in real-life
conditions.
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