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Abstract: (1) Background: Nutrition labels on the front of food packages have increasingly become the
focus of research. However, too few studies have placed special emphasis on nutritionally at-risk
subpopulations, such as young adults or those with low literacy/numeracy skills. The present study
aimed to assess both the perception and objective understanding of three front-of-package labeling
(FOPL) formats currently in use on the Belgian market, i.e., the Nutri-Score, Reference Intakes,
and Multiple Traffic Lights, among students of varying health literacy (HL) levels. (2) Methods: A
web-based survey was carried out among 2295 students of tertiary education in the province of
Liège, Belgium. The questionnaire included questions related to general characteristics, objective
understanding, and perception in response to the assigned FOPL format and level of HL. (3) Results:
With respect to objective understanding, the Nutri-Score outperformed all other labels across all
HL levels, and it was similarly understood in students of varying HL levels. Several students’
characteristics appeared to be associated with each cluster of perception, with the Nutri-Score cluster
having the highest percentages of disadvantaged students, i.e., those with inadequate HL, from
non-university institutions, with low self-estimated nutrition knowledge, and with low self-estimated
diet quality. (4) Conclusion: Overall, the findings supported the Nutri-Score as particularly effective
in guiding students in their food choices. Of particular importance is the fact that the summarized
and graded color-coded nutritional label would be a useful strategy for those disadvantaged by
limited HL.

Keywords: front-of-package labels; nutrition labels; health literacy; students

1. Introduction

The European region is facing a rising threat imposed by obesity and non-communicable
diseases (NCD), such as cardiovascular disease, diabetes, and some types of cancer. All of these
diseases are closely related to unhealthy lifestyle practices, including a suboptimal diet [1].

The challenge today is to transform food systems such that they provide everyone
with the healthy diets needed for optimal health and wellbeing [2,3]. High priority should
be given to efforts that help citizens take responsibility for managing their own health and
wellbeing, by making informed and healthier choices with regard to diet [4,5].

In this way, mandatory EU nutrition labeling is a key source of nutrition information
to make informed choices (Regulation (EU) No 1169/2011). However, the back-of-pack
nutritional information has been shown to be difficult to access, understand, and evaluate
by consumers, particularly in populations at risk of limited health literacy (HL) [6,7].

Consequently, a number of countries are now introducing front-of-pack nutrition label-
ing (FOPL), the use of which has been recommended by the World Health Organization [8].
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These FOP labels offer consumers at-a-glance information about the nutritional value of
prepackaged products and promote healthier food choices at the point of purchase. A
secondary objective of FOPL is to encourage the food industry to improve the nutritional
composition of their products.

There is currently a wide variety of FOPL systems that have been implemented or
are in the process of being created by public or private entities around the world. They
can be classified into two main types: those that display numeric data on specific nutrient
content (i.e., nutrient-specific schemes) and those that synthesize information on ingredient
and/or nutrient content into a graphic and/or color-coded logos (i.e., summary schemes).
While the implementation of FOP labels is currently voluntary, the European Commission
recently underscored the need to implement a uniform and mandatory FOPL at the EU
level [9]. In Belgium, the voluntary Nutri-Score FOPL system was officially adopted since
1 April 2019.

Evidence suggests that color-coded FOP labels (such as the Multiple Traffic Lights in
England or the Nutri-Score in France) are more efficient at helping vulnerable populations
better understand the nutritional quality of foods and make healthier food choices [10,11].
Beyond the common considerations of low education and low income, HL skills still need
to be specifically addressed when the main performance features of the FOPL system are
assessed [12]. The objective is to ascertain that the final graphical design is the best choice
for the consumers of varying HL levels; otherwise, it may lead to adverse effects, with a
potential increase in nutrition and health inequalities.

In that context, the aim of the present study was to assess both perception and objective
understanding of three FOPL formats currently in use on the Belgian market (Nutri-
Score, Reference Intakes, and Multiple Traffic Lights) in a population of particular interest.
Adolescents and young adults experience a substantial share of the global NCD burden
due to nutrition-related risk factors [13]. Tertiary education is a unique transition period,
during which students have increasing independence and are developing food selection
and preparation skills that can shape behaviors throughout life. Students are also more
likely to increase snacking, decrease family meals, and consume more meals prepared
outside the home [14–16]. Population-based nutrition interventions are needed to support
healthy eating patterns during this relevant period of life [17,18].

This research provides insights into the potential effects of low literacy levels on the
effectiveness of FOP labels in a population that needs immediate help to improve their diet
quality in order to reduce health risks in the future.

2. Materials and Methods
2.1. Study Design and Population

A web-based survey, which took place between September 2019 and June 2020, was
carried out among students of tertiary institutions, namely, universities, colleges, arts
colleges, and social advancement education institutions, in the province of Liège, Belgium.
The inclusion criteria were (1) being a tertiary-education student in the province of Liège,
Belgium, (2) being at least 18 years old, and (3) being a French speaker.

Several methods of recruitment were applied. Out of the 27 identified institutions,
17 agreed to distribute the survey among their students through internal communica-
tion channels (emails, intranet, and/or website). Two reminders were mailed to the
17 institutions asking for the reactivation of their channels. Paper flyers were also posted in
buildings across campuses. In addition, the social media pages of student organizations and
groups were used to promote the survey. A total of 2781 students started the questionnaire,
and 2295 (82.5%) completed it.

Participants gave their electronic consent before starting the survey. The study protocol
was approved by the Ethics Committee of the Faculty of Medicine of the University of
Liège, Belgium (approval reference: 2018/343).
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2.2. Study Parameters and Measurement Instruments

The ad hoc online questionnaire was divided into four sections: (1) general charac-
teristics, (2) objective understanding and (3) perception in response to the assigned FOPL
format, and (4) HL.

2.2.1. Characteristics of the Students

During the first part of the survey, participants provided sociodemographic, socioe-
conomic, and lifestyle information, including gender, age, nationality, type of higher
education institution, field of education, smoking status, and household composition. Per-
ceived financial resources were assessed via the following question: “In your opinion,
do the financial resources you have allow you to meet your needs?” For analysis, the
responses were dichotomized, whereby “with high difficulty” and “with fair difficulty”
became “difficult”, while “very easily” and “fairly easily” became “easy”.

The students were invited to self-estimate and report their physical activity level
by choosing one of the following options: “competitive sport” (intensive training and
competitive sport more than once a week), “leisure-time activity” (such as jogging, cycling,
walking, or gardening) at least 4 h per week, “leisure-time activity” less than 4 h per week,
and “sedentary behaviors” (such as reading or watching TV).

Height and body weight were self-reported. Body mass index (BMI) was calculated
using the standard formula of body weight in kilograms divided by the square of height in
meters (kg/m2). Participants were classified into four categories according to definitions of
the World Health Organization: underweight (BMI < 18.5 kg/m2), normal (BMI ≥ 18.5 to
< 25 kg/m2), overweight (BMI ≥ 25 to < 30 kg/m2), and obese (BMI ≥ 30 kg/m2) [19].

With regard to nutritional knowledge, the participants were asked to self-estimate
and report their level on a 10-point Likert scale (ranging from 0 “no knowledge” to
10 “excellent knowledge”). Other nutrition-related data comprised questions about grocery
shopping frequency (always, sometimes, and never), the use of nutritional information
during shopping (nutrition facts and ingredients), and self-estimated diet quality.

2.2.2. FOPL Formats Tested

As noted before, three FOPL formats providing varying levels of information about
the products’ nutritional quality were tested in the present study. In the introduction to the
questionnaire, the different label formats were briefly introduced to the students.

Nutrient-specific schemes were as follows:

1. Reference Intakes (RI), formerly called Guideline Daily Amounts (GDA). This label
displays energy, sugar, (saturated) fat, and salt content per 100 g/mL and per portion
of a certain product, as well as contributions to recommended daily amounts (in
percentages). This label can be found on most food packaging on the Belgian market,
based on a voluntary initiative from manufacturers. The RI was generated using the
Food and Drink Industry’s guidance [20].

2. Multiple Traffic Lights (MTL). This label displays energy, sugar, (saturated) fat, and
the salt content of food in red, amber, or green according to a set threshold. The
criteria of the FSA were applied to assign the color codes [21].

The summary scheme was as follows:

1. Nutri-Score. This label rates the overall nutritional quality of a given food item with
five colors/letters from red/E (least healthy) to green/A (most healthy). The Nutri-
Score is calculated per 100 g/mL, taking into account energy, saturated fat, sugar,
sodium, fiber, protein, and proportion of fruit, vegetables, and nuts. The Nutri-Score
was generated on the basis of Santé Publique France guidance [22].

FOPL formats were not associated with any other visible nutritional information or
claims. A situation with no FOPL on the food package was used as a reference.
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2.2.3. Objective Understanding

The procedure was developed on the basis of previous publications [23,24]. Objec-
tive understanding of the three different FOP labels was assessed under four different
conditions: three alternatives corresponding to the three different FOP labels and one
alternative with no label. Subjects were asked to rank three products belonging to the same
food category according to their nutritional quality. Specifically, participants were shown
pictures of the three products, each featuring the respective FOP label, and they were asked
to complete the following task: “From your point of view, please rank these products
according to their nutritional quality.” For the ranking, participants could choose among
the following options: “lowest nutritional quality”, “intermediate nutritional quality”, or
“highest nutritional quality”. An option of “I do not know” was also proposed for each
food category.

Four different food categories were selected for testing, namely, pizzas, regular dairy
products, breakfast cereals, and appetizers (crisps and peanuts), because they are fre-
quently consumed in Belgium [25–27] at various occasions (breakfast meals, ready-to-eat
lunch/dinner meals, and desserts), and they exhibit sufficient nutritional variability within
a category. To achieve a realistic setting, we identified real-world products of relatively low,
intermediate, and high nutritional quality in each food category following an examination
of food composition databases. A nutritional quality rating was assigned on the FOP
afterward, and any other visible nutritional information or claims were removed.

To avoid the potential effects of the product category upon understanding of the
FOP label (i.e., due to knowledge of specific products), each label was associated with all
product categories. Each participant was shown four label/product combinations where all
four FOP label conditions and product categories were represented. A total of 16 different
versions of the questionnaire were then used. For example, one participant was shown the
Nutri-Score on appetizers and the RI on breakfast cereals, while another participant was
shown the RI on appetizers and the MTL on breakfast cereals.

The choice of combination was made at random. However, meters were applied to
ensure that an equal number of men and women were shown each label/product category
combination while controlling for the potential order effects of the labels.

Ranking was considered correct if the three products were ranked in the expected
order (i.e., according to information on nutritional quality provided by the labels). Ranking
was considered incorrect if at least one mistake was made or if the answer “I do not know”
was given.

2.2.4. Perception

Label acceptability was evaluated using French survey items which have already been
applied to FOP labels by Ducrot et al. [23,28]. Overall, 13 questions were asked on various
aspects of liking (e.g., “This is my preferred FOP label”), attractiveness (e.g., “This FOP
label provides reliable information”), and perceived cognitive workload (e.g., “This label is
too complex for understanding”) (see Supplementary Table S1). For each question, subjects
were asked to select, among the three formats, the label that best corresponded to the
proposed statements (one possible answer). The participants could also select that “none”
of the proposed labels corresponded to their perception.

2.2.5. Health Literacy

In the final part of the survey, participants were asked to self-report HL using the Eu-
ropean Health Literacy Survey Questionnaire, short French-speaking version with 16 items
(HLS-EU-Q16), developed by the HLS-EU Consortium [29–31]. The tool measures overall
HL considering its four dimensions (the way people access, understand, appraise, and
apply health information) in three broad domains of health (healthcare, disease prevention,
and health promotion).

Each of the 16 items was scaled on a four-point Likert ranging from “very difficult” to
“very easy”. According to the guidelines, the responses were dichotomized into “difficult”
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(scored with 0) and “easy” (scored with 1). Summing these responses gave an HLS-EU-Q16
final score ranging from 0 (low/no HL) to 16 (high HL). Missing responses were not
allowed. Three levels were defined as recommended: inadequate HL (0–8), problematic
HL (9–12), and sufficient HL (13–16).

2.3. Statistical Analysis

Analyses were performed on participants who had completed the four parts of the
survey. The students who responded “I do not know” to three or more food categories
in the “objective understanding” questionnaire were excluded from statistical analysis.
Self-estimated nutrition knowledge and diet quality were split at the median to form high
and low groups before analysis.

Medians and interquartile ranges (IQRs) were presented for quantitative variables,
while qualitative variables were summarized with frequencies and percentages. Chi-square
tests were performed to compare the distribution of subjects with inadequate, problematic,
and sufficient HL with respect to sociodemographic, socioeconomic, and lifestyle variables.

Univariate and multivariate mixed logistic regression models with random intercepts
were implemented to explore how FOP labels, HL, and other students’ characteristics were
associated with objective understanding. Variables displaying a significance level of p < 0.1
in univariate models were considered in the multivariate model. Results were expressed in
terms of an odds ratio (OR) with a 95% confidence interval (95% CI). The associations were
considered statistically significant if p-values were <0.05.

In addition, in order to explore label performances across subgroups at risk, univariate
adjusted mixed logistic regression models with random intercepts were fitted to evaluate
how the four FOPL situations (Nutri-Score, Reference Intakes, Multiple Traffic Lights, and
none) and students’ characteristics affected the probability of a correct answer.

In the cluster analysis process, the number of clusters was determined by hierarchical
clustering and the “NbClust” package of 30 indices for determining the relevant number
of clusters. According to this approach, the majority of the indices were emphasized
to consider four clusters. Then, K-means was applied for assigning clusters to subjects.
The derived cluster results were evaluated using original FOPL format performance, and
then four clusters were labeled as one of the no-label reference situations, Nutri-Score,
Guideline Daily Amounts, and Multiple Traffic Lights according to the highest level of
consistency. Lastly, univariate multinomial logistic regression models were applied to
explore the association between HL, students’ characteristics, and the cluster results.

Statistical analyses were conducted using R studio.

3. Results
3.1. Characteristics of the Sample

A total of 2295 students completed the entire survey. Among them, 35 (1.5%) were
excluded because they responded “I do not know” to three or more food categories in
the “objective understanding” questionnaire. In total, 2260 students were available for
the analysis, of which 75% were women, 65% pursued their tertiary-level education in
a university, and 57% studied in non-health-related fields such as art, human and social
sciences, and science and technology.

Almost half of the participants lived with their family, and 19% reported they always
used nutrition information when shopping (Table 1).
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Table 1. Descriptive statistics of students’ characteristics globally and according to HL levels (n = 2260).

Variable All
(n = 2260)

Inadequate HL
(n = 358)

Problematic HL
(n = 1075)

Sufficient HL
(n = 827) p-Value a

Sex <0.0001

Men 563 (24.9) 54 (15.1) 269 (25.0) 240 (29.0)

Women 1697 (75.1) 304 (84.9) 806 (75.0) 587 (71.0)

Age (years) <0.0001

≤21 1075 (47.6) 190 (53.1) 543 (50.5) 342 (41.4)

22–23 554 (24.5) 86 (24.0) 270 (25.1) 198 (23.9)

≥24 631 (27.9) 82 (22.9) 262 (24.4) 287 (34.7)

Nationality 0.085

Belgian 1901 (84.1) 313 (87.4) 907 (84.4) 681 (82.3)

Others 359 (15.9) 45 (12.6) 168 (15.6) 146 (17.7)

Higher education institution <0.0001

Non-university 788 (34.9) 153 (42.7) 394 (36.7) 241 (29.1)

University 1472 (65.1) 205 (57.3) 681 (63.3) 586 (70.9)

Education field <0.0001

Health 978 (43.3) 118 (33.0) 436 (40.6) 424 (51.3)

Others 1282 (56.7) 240 (67.0) 639 (59.4) 403 (48.7)

Smoking Status 0.070

Current smoker 382 (16.9) 74 (20.7) 186 (17.3) 122 (14.8)

Former smoker 120 (5.3) 21 (5.9) 49 (4.6) 50 (6.0)

Never smoker 1758 (77.8) 263 (73.5) 840 (78.1) 655 (79.2)

Physical activity <0.001

Competitive sport 270 (11.9) 29 (8.1) 144 (13.4) 97 (11.7)

Leisure-time activity ≥4 h/week 619 (27.4) 84 (23.5) 296 (27.5) 239 (28.9)

Leisure-time activity <4 h/week 951 (42.1) 155 (43.3) 432 (40.2) 364 (44.0)

Sedentary behavior 377 (16.7) 85 (23.7) 181 (16.8) 111 (13.4)

BMI (kg/m2) 0.275

≤18.5 196 (8.7) 23 (6.4) 103 (9.6) 70 (8.5)

18.5–24.9 1583 (70.0) 257 (71.8) 745 (69.3) 581 (70.3)

25.0–29.9 362 (16.0) 53 (14.8) 176 (16.4) 133 (16.1)

≥30.0 112 (5.0) 25 (7.0) 47 (4.4) 40 (4.8)

Household composition 0.213

Alone 320 (14.2) 50 (14.0) 154 (14.3) 116(14.0)

With family 1124 (49.7) 190 (53.1) 546 (50.8) 388 (46.9)

Shared house 816 (36.1) 118 (33.0) 375 (34.9) 323 (39.1)

Perceived financial resources <0.0001

Difficult 557 (24.6) 117 (32.7) 267 (24.8) 173 (20.9)

Easy 1703 (75.4) 241 (67.3) 808 (75.2) 654 (79.1)
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Table 1. Cont.

Variable All
(n = 2260)

Inadequate HL
(n = 358)

Problematic HL
(n = 1075)

Sufficient HL
(n = 827) p-Value a

Self-estimated nutrition knowledge <0.0001

Low level 1132 (50.1) 221 (61.7) 586 (54.5) 325 (39.3)

High level 1128 (49.9) 137 (38.3) 489 (45.5) 502 (60.7)

Grocery shopping frequency 0.002

Always 845 (37.4) 109 (30.4) 397 (36.9) 339 (41)

Sometimes 802 (35.5) 130 (36.3) 375 (34.9) 297 (35.9)

Never 613 (27.1) 119 (33.2) 303 (28.2) 191 (23.1)

Use of nutritional information
during shopping <0.001

Always 437 (19.3) 55 (15.4) 185 (17.2) 197 (23.8)

Sometimes 1269 (56.2) 208 (58.1) 602 (56) 459 (55.5)

Never 554 (24.5) 95 (26.5) 288 (26.8) 171 (20.7)

Self-estimated diet quality <0.0001

Low quality 1161(51.4) 221 (61.7) 577 (53.7) 363 (43.9)

High quality 1099 (48.6) 137 (38.3) 498 (46.3) 464 (56.1)

Data are presented as numbers (%). a p-Values based on chi-square test. Boldface indicates statistical significance
(p < 0.05).

With regard to HL, the median (IQR) score was 12 (9–13). Approximately 63% of
students had limited HL, including 16% with inadequate HL and 47% with problematic
HL. It appears from Table 1 that HL was significantly related to sex, age, higher education
institution, field of education, physical activity, perceived financial resources, self-estimated
nutrition knowledge, grocery shopping frequency, use of nutritional information during
shopping, and self-estimated diet quality. Indeed, the proportions of men, older and
university students, students in health-related fields, and individuals with higher physical
activity were higher within the sufficient HL group compared to the insufficient and limited
HL groups.

3.2. Objective Understanding
3.2.1. Influence of FOPL Formats, HL, and Students’ Characteristics on the Ability to Rank
Products According to Nutritional Quality

Results showing the association between objective understanding and FOPL formats,
HL, and students’ characteristics are presented in Table 2. In both univariate and multi-
variate models, compared to the no-label reference situation, the odds of ranking products
correctly according to the nutritional quality was increased for all FOP labels tested. Among
the three FOPL formats, Nutri-Score achieved the highest performance, followed by MTL
and RI. More specifically, students were 15 times more likely to rank products correctly
when Nutri-Score was provided on the fronts of packages (OR 15.34 (95% CI 13.09–17.96)).
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Table 2. Univariate and multivariate mixed logistic regression models showing the association
between objective understanding and FOPL formats, HL, and other students’ characteristics.

Univariate Model Multivariate Model

Variable OR (95% CI) p-Value Global
p-Value OR (95% CI) p-Value Global

p-Value

FOPL formats <0.0001 <0.0001

None 1.00 1.00

Nutri-Score 15.31 (13.07–17.93) <0.0001 15.34 (13.09–17.96) <0.0001

RI 1.28 (1.13–1.46) 0.0001 1.28 (1.13–1.46) 0.0001

MTL 3.35 (2.95–3.81) <0.0001 3.35 (2.95–3.81) <0.0001

Health literacy 0.081 0.439

Inadequate HL 1.00 1.00

Problematic HL 1.03 (0.91–1.16) 0.647 1.01 (0.87–1.15) 0.98

Sufficient HL 1.12 (0.99–1.27) 0.064 1.07 (0.91–1.23) 0.43

Sex 0.646

Women 1.00

Men 1.02 (0.93–1.12) 0.646

Age (years) 0.154

≤21 1.00

22–23 0.98 (0.89–1.09) 0.754

≥24 1.09 (0.98–1.20) 0.094

Nationality 0.672

Others 1.00

Belgian 1.02 (0.91–1.15) 0.672

Higher education institution 0.004 0.007

Non-university 1.00 1.00

University 1.13 (1.04–1.24) 0.004 1.16 (1.05–1.29) 0.007

Education field 0.065 0.413

Others 1.00 1.00

Health 1.08 (0.99–1.17) 0.065 1.04 (0.94–1.15) 0.413

Smoking status 0.903

Current smoker 1.00

Former smoker 0.97 (0.79–1.20) 0.804

Never smoker 1.01 (0.91–1.13) 0.820

Physical activity 0.584

Sedentary behavior 1.00

Competitive sport 1.08 (0.92–1.26) 0.336

Leisure-time activity ≥ 4 h/week 1.09 (0.96–1.24) 0.176

Leisure-time activity < 4 h/week 1.06 (0.94–1.19) 0.367

BMI (kg/m2) 0.171

≤18.5 1.29 (1.02–1.63) 0.030

18.5–24.9 1.20 (0.99–1.45) 0.063

25.0–29.9 1.23 (0.99–1.52) 0.057

≥30.0 1.00
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Table 2. Cont.

Univariate Model Multivariate Model

Variable OR (95% CI) p-Value Global
p-Value OR (95% CI) p-Value Global

p-Value

Household composition 0.138

Alone 1.00

With family 0.97 (0.86–1.10) 0.625

Shared house 1.06 (0.93–1.21) 0.359

Perceived financial resources 0.142

Difficult 1.00

Easy 1.07 (0.98–1.18) 0.142

Self-estimated
nutrition knowledge <0.0001 0.007

Low level 1.00 1.00

High level 1.18 (1.08–1.28) <0.0001 1.16 (1.04–1.29) 0.007

Grocery shopping frequency 0.021 0.067

Always 1.14 (1.03–1.26) 0.013 1.13 (1.00–1.29) 0.056

Sometimes 1.14 (1.03–1.27) 0.014 1.15 (1.01–1.30) 0.032

Never 1.0 1.00

Use of nutritional information
during shopping 0.191

Always 1.10 (0.97–1.25) 0.123

Sometimes 1.09 (0.98–1.20) 0.097

Never 1.0

Self-estimated diet quality 0.003 0.175

Low quality 1.00 1.00

High quality 1.13 (1.04–1.23) 0.003 1.07 (0.97–1.19) 0.175

Data are presented as the OR (95% CI). Boldface indicates statistical significance (p < 0.05).
The ability to rank products according to nutritional quality did not significantly differ

in any HL level when compared to inadequate HL. Regarding general characteristics, from
a multivariate standpoint, students from university institutions (OR 1.16 (95% CI 1.05–1.29))
and those with higher perceived nutrition knowledge (OR 1.16 (95% CI 1.04–1.29)) provided
more correct responses on the product-ranking task than did those in the reference group.

3.2.2. Comparison of FOPL Format Performance across Subgroups

When studying FOPL format performance across subgroups of students (Table 3),
we observed the same trend whatever the subgroup. Compared to the no-label reference
situation, Nutri-Score conferred the greatest odds for ranking products correctly according
to the nutritional quality in all subgroups (lowest OR 11.47 (95% CI 8.10–16.23) among
students reported always using nutritional information when shopping; greatest OR 39.83
(95% CI 17.29–91.73) among obese subjects). It was always followed by MTL (lowest OR
2.49 (95% CI 1.47–4.24) among former smokers; greatest OR 5.08 (95% CI 2.66–9.71) among
obese subjects) and then by RI (lowest OR 0.93 (95% CI 0.61–1.42) among thin subjects;
greatest OR 2.59 (95% CI 1.36–4.92) among obese subjects).
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Table 3. Mixed logistic regression models showing the association between objective understanding
and FOP labels, across subgroups at risk.

Variables

Nutri-Score
(vs. No Label)

Reference Intakes
(vs. No Label)

Multiple Traffic Lights
(vs. No Label) Global

p-Value
OR (95% CI) OR (95% CI) OR (95% CI)

Product category

Appetizers 42.94 (30.23–61.00) 1.29 (0.89–1.87) 1.12 (0.76–1.64) <0.0001

Breakfast cereals 13.92 (10.44–18.56) 3.71 (2.86–4.83) 16.51 (12.31–22.13) <0.0001

Dairy products 13.57 (9.78–18.82) 0.97 (0.77–1.23) 3.29 (2.58–4.20) <0.0001

Pizzas 13.44 (9.48–19.04) 0.71 (0.56–0.90) 2.61 (2.05–3.34) <0.0001

Health literacy

Inadequate HL 14.70 (13.05–18.97) 1.17 (1.01–1.35) 3.18 (2.75–3.68) <0.0001

Problematic HL 14.61 (11.67–18.29) 1.40 (1.17–1.69) 3.37 (2.81–4.06) <0.0001

Sufficient HL 15.88 (12.17–20.73) 1.25 (1.01–1.54) 3.41 (2.77–4.21) <0.0001

Sex

Men 14.45 (10.60–19.71) 1.68 (1.30–2.17) 3.93 (3.03–4.10) <0.0001

Women 15.70 (13.05–18.97) 1.17 (1.01–1.35) 3.18 (2.75–3.68) <0.0001

Age (years)

≤21 17.09 (13.54–21.57) 1.30 (1.08–1.57) 3.48 (2.89–4.18) <0.0001

22–23 14.98 (10.94–20.52) 1.34 (1.04–1.73) 3.03 (2.35–3.90) <0.0001

≥24 13.02 (9.68–17.51) 1.20 (0.95–1.53) 3.47 (2.72–4.44) <0.001

Nationality

Belgian 14.41 (12.14–17.09) 1.22 (1.07–1.41) 3.16 (2.75–3.63) <0.0001

Others 21.58 (14.21–32.77) 1.66 (1.19–2.30) 4.66 (3.34–6.49) <0.0001

Higher education institution

University 14.17 (11.66–17.20) 1.24 (1.06–1.45) 3.19 (2.73–3.73) <0.0001

Non-university 17.83 (13.57–23.44) 1.37 (1.10–1.71) 3.71 (2.97–4.62) <0.0001

Education field

Health 16.39 (12.80–20.99) 1.24 (1.03–1.50) 3.15 (2.60–3.82) <0.0001

Others 14.64 (11.91–17.99) 1.31 (1.11–1.56) 3.51 (2.96–4.16) <0.0001

Smoking status

Current smoker 18.08 (12.18–26.83) 1.61 (1.18–2.20) 3.79 (2.76–5.22) <0.0001

Former smoker 15.17 (7.87–29.21) 1.35 (0.79–2.31) 2.49 (1.47–4.24) <0.001

Never smoker 14.92 (12.47–17.84) 1.22 (1.05–1.41) 3.35 (2.89–3.87) <0.0001

Physical activity

Competitive sport 12.70 (8.17–19.74) 1.20 (0.84–1.71) 2.93 (2.05–4.19) <0.001

Leisure-time activity ≥4 h/week 16.42 (12.02–22.44) 1.25 (0.98–1.60) 3.69 (2.88–4.75) <0.001

Leisure-time activity <4 h/week 15.34 (12.03–19.56) 1.28 (1.05–1.55) 3.11 (2.57–3.77) <0.0001

Sedentary behavior 15.22 (10.38–22.31) 1.39 (1.02–1.91) 3.62 (2.64–4.96) <0.0001
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Table 3. Cont.

Variables

Nutri-Score
(vs. No Label)

Reference Intakes
(vs. No Label)

Multiple Traffic Lights
(vs. No Label) Global

p-Value
OR (95% CI) OR (95% CI) OR (95% CI)

BMI (kg/m2)

≤18.5 17.91 (10.10–31.76) 0.93 (0.61–1.42) 3.20 (2.10–4.88) <0.001

18.5–24.9 13.63 (11.34–16.39) 1.34 (1.15–1.56) 3.23 (2.78–3.76) <0.0001

25.0–29.9 20.25 (13.21–31.03) 1.05 (0.76–1.46) 3.69 (2.67–5.11) <0.001

≥30.0 39.83 (17.29–91.73) 2.59 (1.36–4.92) 5.08 (2.66–9.71) <0.0001

Household composition

Alone 14.78 (9.78–22.33) 1.47 (1.05–2.07) 4.21 (2.98–5.94) <0.0001

With family 14.76 (11.83–18.42) 1.24 (1.03–1.48) 3.37 (2.81–4.04) <0.0001

Shared house 16.54 (12.61–21.70) 1.28 (1.04–1.58) 3.05 (2.47–3.76) <0.0001

Perceived financial resources

Difficult 14.87 (10.82–20.43) 1.16 (0.89–1.50) 3.05 (2.36–3.95) <0.001

Easy 15.46 (12.88–18.55) 1.32 (1.14–1.53) 3.45 (2.98–3.99) <0.0001

Self-estimated
nutrition knowledge

Low level 17.63 (14.05–22.13) 1.27 (1.06–1.52) 3.24 (2.71–3.88) <0.0001

High level 13.22 (10.61–16.48) 1.30 (1.09–1.55) 3.48 (2.91–4.17) <0.0001

Grocery shopping frequency

Always 16.51 (12.68–21.49) 1.36 (1.11–1.67) 3.46 (2.80–4.26) <0.0001

Sometimes 14.04 (10.79–18.27) 1.16 (0.94–1.43) 3.37 (2.73–4.17) <0.001

Never 15.49 (11.48–20.90) 1.35 (1.05–1.73) 3.20 (2.51–4.09) <0.0001

Use of nutritional information
during shopping

Always 11.47 (8.10–16.23) 1.10 (0.83–1.46) 2.96 (2.22–3.96) <0.0001

Sometimes 14.77 (11.99–18.20) 1.33 (1.13–1.57) 3.37 (2.85–3.99) <0.0001

Never 16.52 (10.99–24.82) 1.03 (0.74–1.42) 3.16 (2.29–4.36) <0.0001

Self-estimated diet quality

Low quality 18.16 (14.49–22.76) 1.33 (1.11–1.60) 3.45 (2.88–4.12) <0.0001

High quality 12.80 (10.26–15.97) 1.23 (1.03–1.48) 3.27 (2.73–3.92) <0.0001

The category of reference was “no label”. Data are presented as the OR (95% CI). Boldface indicates statistical
significance (p < 0.05).

The presence of Nutri-Score was characterized by the highest increase in correct rank-
ing compared to the “no-label” situation in appetizer, dairy product, and pizza categories,
but not in breakfast cereals. When testing the latter food category, MTL achieved the
highest performance (OR 16.51 (95% CI 12.31–22.13)).

3.3. Perception

The distribution of the responses to each question related to the perception of FOP
labels is displayed in Supplementary Table S2. Overall, perceptions of students were in
favor of all FOPL formats. The Nutri-Score specifically was the label receiving the highest
number of responses on positive perception dimensions, followed by the MTL. Conversely,
the RI was the most frequently selected with regard to negative perception dimensions
(judgment, complexity, and time to process). Thirty-five percent of participants considered
that none of the labels proposed were guilt laden.
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Lastly, students were assigned into four clusters according to their perception of
FOP labels. Clusters represented 40.0% (crude n = 904), 26.7% (crude n = 604), 19.7%
(crude n = 446), and 13.5% (crude n = 306) of participants.

Nutri-Score and Multiple Traffic Lights won the most students’ favor in the clusters
that bore their names, especially regarding the following aspects: the label allowing them
to choose healthier products, label wanted on the FOP, preferred label, and trustworthiness.
In its respective cluster, the preference for the Reference Intakes was prominent for certain
aspects in particular. For example, 59.6% of students considered that the RI provided all
the information needed, 54.7% considered it trustworthy, and 44.8% considered that the
RI provided reliable information. Conversely, the grouping of the cluster labeled “none”
and the distinction with the others were less clear. In the latter cluster, we observed the
highest percentage of students who considered that none of the presented FOP labels was
their favorite (20.3%), was trustworthy (18.6%), or provided reliable information (15.4%);
however, responses were somewhat less marked. The mapping of perception responses
across clusters is included in the Supplementary Materials (Supplementary Table S3).

The results of the multivariable-adjusted HL and students’ characteristics according
to the clusters are shown in Table 4. From this table, it can be observed that participants
who had inadequate HL were significantly more frequent in the Nutri-Score cluster, while
participants who had sufficient HL were significantly more frequent in the “none” and
RI clusters (p = 0.022). The proportion of older students was higher in the “none” cluster
(36.9%), while that of younger students was higher in the RI (52.9%) and Nutri-Score (51.3%)
clusters. Non-university students were more common in the Nutri-Score cluster, whereas
university students were more common in the MTL cluster (p < 0.0001). Lastly, participants
who reported always using nutrition information when shopping were more prevalent in
the “none” cluster, while those who reported never using this kind of information when
shopping were more prevalent in the Nutri-Score cluster.

Table 4. Multivariate-adjusted HL and students’ characteristics according to the various clusters of
preference for FOP labels.

Variable Nutri-Score
(n = 904)

RI
(n = 446)

MTL
(n = 604)

None
(n = 306) p-Value a

Health literacy 0.022

Inadequate HL 18.5 12.6 14.7 15.0

Problematic HL 46.4 47.3 51.5 43.8

Sufficient HL 35.2 39.5 33.8 41.2

Sex 0.020

Men 22.4 25.1 25.3 31.4

Women 77.7 74.9 74.7 68.6

Age (years) <0.0001

≤21 51.3 52.9 42.7 38.2

22–23 23.5 24.2 26.2 24.8

≥24 25.2 22.9 31.1 36.9

Nationality 0.038

Belgian 84.6 87.7 82.5 80.7

Others 15.4 12.3 17.6 19.3
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Table 4. Cont.

Variable Nutri-Score
(n = 904)

RI
(n = 446)

MTL
(n = 604)

None
(n = 306) p-Value a

Higher education institution <0.0001

Non-university 39.7 34.5 28.3 34.0

University 60.3 65.5 71.7 66.0

Education field 0.086

Health 44.4 40.8 46.0 38.2

Others 55.6 59.2 54.0 61.8

Smoking status 0.833

Current smoker 17.8 18.2 15.4 15.4

Former smoker 4.42 4.48 6.29 7.19

Never smoker 77.8 77.4 78.3 77.5

Physical activity 0.177

Competitive sport 12.0 13.2 11.3 11.4

Leisure-time activity ≥4 h/week 22.7 31.2 29.6 31.4

Leisure-time activity <4 h/week 43.9 40.8 43.0 36.6

Sedentary behavior 19.3 13.0 14.7 18.3

BMI (kg/m2) 0.108

≤18.5 67.7 71.3 72.2 70.9

18.5–24.9 9.18 9.42 8.11 7.19

25.0–29.9 15.3 14.4 17.1 18.6

≥30.0 7.41 4.93 2.48 2.61

Household composition 0.206

Alone 13.9 11.0 14.4 19.0

With family 52.9 53.8 45.4 43.1

Shared house 33.2 35.2 40.2 37.9

Perceived financial resources 0.247

Difficult 26.6 25.1 22.9 21.9

Easy 73.5 74.9 77.2 78.1

Self-estimated nutrition knowledge <0.001

Low level 60.7 45.1 42.2 41.5

High level 39.3 54.9 57.8 58.5

Grocery shopping frequency 0.0007

Always 34.4 33.9 43.1 42.2

Sometimes 35.1 38.6 32.3 38.6

Never 30.5 27.6 24.7 21.2

Use of nutritional information
during shopping <0.001

Always 10.4 25.8 19.7 35.6

Sometimes 56.0 55.8 61.4 46.7

Never 33.6 18.4 18.9 17.7
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Table 4. Cont.

Variable Nutri-Score
(n = 904)

RI
(n = 446)

MTL
(n = 604)

None
(n = 306) p-Value a

Self-estimated diet quality <0.001

Low quality 58.7 48.4 47.2 42.2

High quality 41.3 51.6 52.8 57.8

Data are presented as the number (%). a p-Values from the multinomial logistic regression model. Boldface
indicates statistical significance (p < 0.05).

4. Discussion

Nutrition labels on the front of food packaging have increasingly become the focus
of research. There are existing data on the use and effectiveness of FOPL in Belgium [32],
France [23], the Netherlands [33], and many other European countries [11]. However, too
few studies have placed special emphasis on nutritionally at-risk subpopulations, such as
young adults or those with low literacy/numeracy skills. This research aimed to shed light
on this important component of the evaluation processes.

Poor HL among the population has emerged as an underestimated public health
problem globally [34]. A growing number of studies have indicated that people with low
HL are more likely to have poorer health statuses and engage in harmful health behaviors,
which in turn puts them at a higher risk of a shorter life expectancy [35,36]. In particular,
low literacy skills would interfere with the pathway of behaviors leading to a healthy
diet, such as judging portion size, accessing nutritional information, or understanding and
utilizing nutritional labels [37–39].

In Europe, the European Health Literacy Survey revealed that 12% of adults have
inadequate HL, while 35% have limited HL [31]. The Belgian situation is quite similar, with
around 40% of the adults having inadequate or problematic HL [40,41]. Our study showed
a higher prevalence, with 16% and 47% of students having inadequate and problematic
HL, respectively. These results are in line with previous studies when the young adult
population was specifically addressed. According to a recent systematic review, university
students tend to have lower HL scores compared to reference samples [42]. Respectively,
20.1% and 41.4% of European students were ranked as having inadequate and problematic
HL using the HLS-EU-Q16 [43]. In Belgium, the 18–24 age group had the highest insufficient
HL score (22.4%) compared to the other age categories [40].

Among the determinants presented, our results provided support for relationships
among HL and sex, age, education degree, field of education, physical activity, and so-
cioeconomic status, as previously reported [42]. Young adults, who have been highlighted
as a specific group regarding HL and its determinants throughout the literature [42,44],
could benefit from FOP labels for their own health. Recently, the “High in” FOPL was
shown to be significantly more effective than current regulated labeling in helping Cana-
dian consumers of varying HL levels to identify foods high in nutrients related to public
health concerns [45].

Our study showed that all FOP labels seemed to improve students’ capacities to un-
derstand the nutritional quality of products; however, among the available options, the
Nutri-Score was the highest-performing label in this task. We also observed that some stu-
dents’ subgroups were more likely to accurately interpret FOP labels. Educational level and
nutrition knowledge were general characteristics affecting the likelihood of understanding
nutrition labels, which is consistent with previous studies in the area [6,24,46].

Students’ general characteristics were found not to affect the performance of the
summarized and graded color-coded label. Across student subgroups, the Nutri-Score had
the strongest positive association with participants’ ability to rank products, followed by
MTL and RI. This trend was not applicable to all product categories, since, in the breakfast
cereal category, the MTL was the best performer, followed by the Nutri-Score and RI.
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In industrialized countries, diet disparities have been widely pointed out in the general
population, as well as, to a lesser extent, in adolescents and young adults [47]. These latter
groups represent a population at an elevated risk of low levels of physical activity, an
increased risk of weight gain, and poor dietary patterns [48]. This pivotal stage of young
adulthood, where lifelong health behaviors are heavily influenced or fostered, requires
specific public health nutrition strategies taking into account social disparities behind
health and nutrition inequalities [11,47]. Interestingly, the results of the present study
highlighted the fact that the Nutri-Score outperformed all other labels across all HL levels,
and the summarized and graded color-coded label was similarly understood in students of
varying HL levels.

Overall, our findings are in line with previous work on the effectiveness of the Nutri-
Score in the general population. An international comparative experimental study con-
ducted across 12 countries concluded that, among the tested labels, the Nutri-Score was the
most efficient in facilitating a consumer’s comprehension of foods’ nutritional quality [49].
Another study among a convenience sample of 1007 Belgian consumers was also favor-
able toward the Nutri-Score, compared to Health Star Ratings, MTL, GDA, and Warning
symbols [32]. There is evidence supporting the positive impact of nutrition labels on stu-
dents in their emerging adulthood years [50]. However, to our knowledge, very few studies
have looked at the effects of different FOPL formats, currently implemented in different
countries internationally [51–53]. An experimental study found that changes in purchase
intentions on campus were not affected by the nature of FOP labels used (i.e., MTL and
RI) [54]. More recently, the Nutri-Score was demonstrated to have benefits on the healthier
purchasing intentions of students [55].

There are several factors that strongly affect the tendency by consumers to use FOPL.
These include respondents’ trust in the label provided, appealing label design and compre-
hensible format, and the time needed to process the information. In terms of perception,
our study showed that the Nutri-Score and MTL were well accepted by the participants;
however, the RI was perceived as “being complex to understand” with a longer “time to
process” to a greater extent than the two other labels. In addition, it was observed that
students with inadequate HL gave preference to the Nutri-Score, those with problematic
HL gave preference to the MTL, and those with sufficient HL gave preference to the RI
or no-label situation. Each type of FOPL has strengths and weaknesses [56], some of
which provide valuable insights into these results. Students with inadequate HL face the
greatest challenges in accessing, understanding, and evaluating health/nutrition labelling
information. Their preference for an overall summary system score (e.g., the Nutri-Score)
can be explained by the fact that it provides them with a high level of guidance about the
nutritional quality of a food product. The MTL is a hybrid scheme providing a mix of
factual information and interpretative elements, which may have attracted the preference of
students with problematic HL. Our results showed that the MTL was specifically the label
receiving the highest number of responses on the following positive perception dimension:
“This label provides me with the information I need” (Supplementary Table S2). This label
may allow students to pay attention to particular nutrients of concern/interest. However,
consumers may have difficulty identifying the healthiest options when there is a tradeoff
between nutrients [56]. Lastly, it was observed that students with sufficient HL were more
frequent in preference clusters “none” (41.2%) or RI (39.5%). This may reflect their greater
abilities to process factual health/nutritional information provided by nutrition fact labels
or RI. It is important to remember that, although interesting, findings on FOPL perception
do not reflect its good understanding (objective understanding) or its real impact on food
purchases or dietary quality.

Several students’ characteristics appeared to be associated with each preference
cluster, with the Nutri-Score cluster concentrating the highest percentages of disadvan-
taged students, i.e., those with inadequate HL, from non-university institutions, with low
self-estimated nutrition knowledge and low self-estimated diet quality.
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Among the strengths of this study, we can highlight its large sample size, especially
considering the challenges of research recruitment in a higher education setting [57]. In
addition, we used different recruitment methods at different times in the academic year
in order to mobilize different student profiles from different tertiary institutions. With
regard to objective understanding, all combinations of food categories and FOP labels were
tested to control for the potential bias of food products. Lastly, the use of the HLS-EU-Q16
reduced the risk of overlap when studying HL and FOPL understanding, which can exist
when using the Newest Vital Sign [38].

Limitations should also be acknowledged. First, body weight and height were self-
reported by students. However, we observed that our participants had anthropometric
features similar to Belgian young adults aged between 18 and 24 years old [58]. The median
(IQR) BMI was 22.0 (20.1–24.5) kg/m2 in our sample vs. 21.7 (20.0–24.3) kg/m2 in the
reference population. Furthermore, 8.7% of our students were classified as underweight,
16.0% were classified as overweight, and 5.0% were classified as obese vs. 6.0%, 18.0%,
and 6.4% of Belgian young adults, respectively. Secondly, students who participated in
the survey may have had a greater interest in the subject matter and, therefore, may have
been more health- and nutrition-conscious. On the one hand, we observed that there were
more self-reported never smokers (77.8% vs. 58.6%) than in Belgian young adults [59]. On
the other hand, the overrepresentation of females in our sample is consistent with what is
observed in European higher education (where at least 60% of students are women) [60].
In addition, as reported above, we observed that our participants had anthropometric
features similar to the reference population. The HL profile of students was also in line
with previous findings. Additionally, our results did not show a statistically significant
association between HL and BMI as a health-proxy variable. Thirdly, we used real-world
food products, which may have led to brand-related effects on the results (e.g., brand
loyalty, habit, and preference).

5. Conclusions

To conclude, this study is one of the first to provide insights into the relationship
between varying HL levels with respect to the understanding and perception of FOPL
formats in an under-investigated population. Overall, the findings supported the Nutri-
Score as particularly effective in guiding students in their food choices. Of particular
importance is the fact that its performance in ranking products according to nutritional
quality and its perception were not affected by HL levels, which makes the Nutri-Score a
useful strategy for those students disadvantaged by limited HL. Additional evidence is
required from studies testing FOPL on food purchases in virtual or real food-shopping
environments, including a higher education setting.
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