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Abstract: To stem the increasing incidence of non-communicable diseases (NCDs) and obesity, front-
of-pack labels (FOPLs) have been developed since 1989. Whereas several countries have already
adopted one voluntarily, the European Community wants to harmonize an FOPL system that will be
mandatory for all member states. The purpose of this narrative review is to describe what could be
achieved or not by FOPLs, and to discuss if there is enough evidence to establish whether such labels
are effective in modifying purchasing behavior, in directing individual dietary patterns towards a
healthy and sustainable diet, and in reformulating food products by the food industry. Non-directive
FOPLs, which are still under study, appear to be informative and well-accepted by consumers even
if they require a cognitive effort. Conversely, directive FOPLs are supported by several studies,
but they are mostly conducted in simulated scenarios and/or performed as retrospective studies.
Nevertheless, directive FOPLs are rated as an intuitive tool, and they have demonstrated a high
capacity to help consumers rank food products as more or less healthy. In conclusion, directive and
non-directive FOPLs convey different messages. No FOPL individually can be considered exhaustive
in relation to all the objectives outlined in this narrative review, and therefore, the development of a
model synthesizing both messages is advisable. Many questions remain open, such as the possibility
of reformulating pre-packaged products, how to deal with traditional products, and the impact on the
incidence of NCDs and obesity. In the light of the complexity of factors that condition consumption
choices and health, none of the current FOPLs can be considered a health policy tool on its own. The
possibility of development remains open, but as the state of the art, these tools do not seem to be able
to achieve all the European Community goals together. We can speculate that they could meet these
goals only if they are integrated into a multi-tiered, structured health policy intervention.

Keywords: front of pack labeling; nutrition labeling; nutrient profiling; FOPL; non-communicable
diseases; traditional foods; food industry

1. Introduction

Packaging is the first contact of a consumer with a product, and the characteristics
of packaging often determine the interest in the product itself. Traditionally, packaging is
perceived as a means of protection for the product during the process of distribution, trans-
port and storage; currently, it is increasingly becoming an effective way to communicate
with the consumers to answer an increasing demand for information about the relationship
between diet and health. This information could help consumers make the right choices
when buying food products. An analysis of packaging features showed that the most
important information sought by consumers has to do with shelf-life, price, and product
composition, but they are also interested in information on caloric content, individual
nutrients, and the food product’s origin [1].

In this general context, since 1989 the number of public and private initiatives to create
front-of-pack labels (FOPLs) for packaged products has increased, not only for matters
of food safety but also due to the growing evidence on food-related chronic degenerative
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diseases, including the global obesity epidemic [2]. Although it is recognized that non-
communicable diseases (NCDs) and obesity have a multifactorial etiopathogenesis, and it
is unlikely that a single prevention strategy will significantly change the risk of becoming
ill, providing information and guidance to consumers could be a first tool to move towards
healthier food choices. In this perspective, the back-of-pack label (BOPL) information is
generally considered by consumers to be “inaccessible and difficult to understand” [3],
and therefore, FOPLs have started to be developed. The FOPL strategy, after being used
independently by several countries around the world, was proposed by the European
Commission at the EU level to address the problems linked to an unbalanced diet and the
health needs of the population [2]. Alongside this, other strategies have been proposed and
partially implemented in Europe: “reformulation agreements, marketing restrictions on
foods high in fat, salt and sugar, public procurement for healthy food products, taxation of
sugary drinks” [2].

Since 2004, WHO has proposed FOP labeling “as a tool for promoting healthy diets
and preventing obesity and diet-related NCDs”, providing recommendations for FOPL
models to be adopted, and suggesting that they should be supported by a communication
strategy and monitoring actions [4-7]. In 2019 the Codex Alimentarius also provided some
guidelines for the formulation and placement of FOPLs on packaging, as well as general
principles of comprehensibility and harmonization with other nutritional information
and communication standards. In this perspective, the FOPL system must be adequately
tested and validated, and, once adopted, it must lead over time to a real and significant
improvement of health status in the European Community [8].

FOPLs, therefore, have two main objectives: (1) to communicate complex information
to consumers by simplifying it into a standardized format to guide, inform and/or steer
consumer food choice and behavior; (2) to stimulate the food industry to reformulate some
products in a healthier direction. Over time, the goals will extend to the possibility of
convincing or guiding people to change their purchasing choices by including a health
assessment of the food product. Although not mentioned, it is clear that one aim of FOPLs
is also to help consumers make informed choices in terms of overall dietary patterns that
can contribute to people’s health. For this reason, most studies on FOPLs assessed the
potential health effect using simulations and mathematical models.

Compared to the nutrient declaration (usually placed on the back or side of the
package, BOPLs), FOPLs can vary in design (colors, shape, size), in the message they
convey, in their public health objective (prohibitive, prescriptive, or both), and in their
focus on specific nutrients (i.e., nutrients considered “critical” to health, such as sodium,
saturated fatty acids (SFAs), trans fatty acids (TFAs) and sugars). Some FOPLs provide the
percentage of energy and nutrients in relation to the standard requirement of 2000 kcal/day,
while others provide ratings of the content (low, medium, high) of specific nutrients. Others
calculate a score indicating the global quality of a product. Some are based on a standard
value of 100 g or 100 mL, and others refer to the portion available for consumption.

The purpose of this narrative review of the literature is to clarify the goals and the
objectives that could and could not be achieved by FOPLs, and thus to evaluate whether
there is significant evidence to establish whether such a nutritionally informative model
can be considered effective: (1) in modifying purchasing behavior, (2) in guiding individual
dietary patterns towards a healthy and sustainable diet, and (3) in reformulating food
products by the food industry.

Research was conducted by searching PubMed articles published after 2004, excluding

v

non peer-reviewed papers using keywords such as “front of pack labeling”, “front of pack
health”, “nutrient profile”, “front of pack impact”, “(front of pack) AND (eating pattern)”,
and “traditional food product labeling”. From the global results obtained, we excluded
articles not relevant to the three main purposes of our review. Furthermore, we limited our
research at first to systematic reviews and meta-analyses, and then we broadened the search
to narrative reviews as well as observational and experimental studies. We also sought

documents and opinions of the major agencies and organizations that provide advice and
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support to EU policy makers (WHO, EFSA, JRC, FAO, Codex Alimentarius) as well as EU
regulations and reports.

2. The Background of FOPL Development

The Codex Alimentarius Commission has identified three types of information to be
included in nutrition labeling [8]: nutrient declarations, health and nutrition claims, and
supplementary nutrition information. Nutrient declarations are mandatory and standard-
ized lists of the amounts of nutrients contained in food products or beverages and are
usually placed on the back or on the side of the package (BOPLs). All of the ingredients in
the food, in decreasing order of weight, must be displayed on the label, including informa-
tion about the energy value and the amount of fat, SFAs, carbohydrates, sugars, protein
and salt, in a tabular or linear format. The mandatory nutrient declaration should refer to
100 g or 100 mL amounts and, in addition, portion-based declarations are allowed. The
package side usually chosen is the back, even if not specifically requested by Regulation
(EC) 1924/2006, which only states that nutrition information shall be included in the same
field of vision. This information is not intended to provide quantitative knowledge on
what should be eaten to be healthy. Nutrition and health claims suggest or imply that some
food “has particular nutritional properties including, but not limited, to the energy value
and to the content of protein, fat and carbohydrates, as well as the content of vitamins and
minerals” or other health promoting components [8]. Supplementary nutrition information
is intended to help consumers to understand the nutritional value of the food and the
meaning of the nutrient declaration. According to the Codex Alimentarius, all of this
information should be accompanied by a consumer education program. However, no
label should deliberately imply that a food has a nutritional advantage over a food that is
not labeled.

According to Regulation (EC) 1924/2006, in order to be able to provide nutrition or
health claims, the food has to meet the nutrient profile (NP) criteria.

The NP (Regulation (EC) 1924/2006 Article 11) is a tool for identifying the intake
thresholds of specific nutrients (such as fat, SFAs, TFAs, salt/sodium and sugars—whose
excessive intake is not recommended—as well as poly- and monounsaturated fats, available
carbohydrates, vitamins, minerals, proteins and fibers, above which no health claims are
allowed, in order to prevent consumers from considering “healthy” some foods that may
adversely affect a nutritional dietary pattern [9].

According to WHO, “FOPL systems must be underpinned by a specific nutrient
profiling model” [10]. Therefore, NP was used as a basis for the development of some FOP
labeling models (e.g., Multiple Traffic Light, Health Star Rating, Nutri-Score), resulting
in the attribution of specific symbols, colors, or nutritional scores. They can be useful
for regulating the marketing of products to specific population groups (e.g., children),
preventing NCDs, and promoting consumer health [11].

In support of a decision the EC was scheduled to make in 2009, EFSA (2008) summa-
rized the key points of its scientific position in an opinion report on nutrient profiles [9].

The choice of food components to be included in the NPs should be established based
on their impact on the public health of EU citizens. These components were identified
by the WHO in 2003 and included in the dietary guidelines of several EU countries as
positively (energy, SFAs and TFAs, sodium, simple sugars) or negatively (dietary fiber,
fruit, vegetables, potassium, omega-3 polyunsaturated fatty acids, vitamin D, calcium)
related to the risk of chronic NCDs and obesity. In most EU countries, intake of these food
components is misaligned with dietary guidelines. However, overly complex nutrient
profiles should be avoided, and the total number of nutrients displayed or included in the
NP should be limited. EFSA’s opinion suggests that a single shared NP model should be
applied to all foods, with possible limited exemptions for those that, for example, play a
key role in national dietary habits and traditions. Several NP models have been developed
(e.g., Ofcom/FSA NP model, WHO-Euro model and Health Canada Surveillance Tool
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system), but there is still no consensus on which of these may be assumed as gold standard
to objectively define the healthiness of foods [12].

There are some inherent difficulties in establishing nutrient profiles at the EU level,
such as the application of nutrient intake recommendations for the general diet to individual
foods, the lack of uniform data on the composition and consumption of foods across the
EU, and differences in nutrient intake recommendations and dietary guidelines within EU
countries [9].

3. FOP Labeling in Europe

Regulation (EC) 1924/2006 (on nutrition and health claims made on foods) and Reg-
ulation (EU) 1169/2011 (the Food Information to Consumers or “FIC”) have sought to
harmonize the food labeling system in the EU. According to the EC regulations, food
labels should not be false or ambiguous, should not give rise to doubt about safety and/or
nutritional adequacy of foods, should not encourage or condone excess consumption of a
certain food or refer to changes in bodily functions, and should enable consumers to make
an informed choice [2,9].

The “FIC” regulation is meant to protect consumers against misleading advertising and
to defend producers against unfair competition. In addition to regulating the mandatory
nutrient declaration, it sets out rules for the voluntary information that usually concerns
the most relevant ingredients listed in the nutrition declaration, in order to help consumers
see and understand this information more easily. A FOP labeling model shared on a
Europe-wide level could be applied only after verifying compliance with eating habits
and gastronomic traditions for all European countries, since it plays a significant role in
determining the overall nutritional pattern.

The EU’s Joint Research Centre (JRC) [3] states that currently, six FOP models have
been developed or approved by the public sector. Other FOPL models are in use in the
private sector.

FOPLs can be distinguished according to the complexity of the information provided
(displaying nutrient-specific information or a global judgment on the whole product) and
their “directionality”, i.e., the kind of guidance or evaluative message with regard to
healthiness. On these bases, they could be categorized as follows:

Non-directive labels that provide information such as the name of the nutrient, the
amount in grams, and the percentage of the total (e.g., Reference Intakes, Nutrinform Battery)

Semi-directive labels that not only provide nutritional information but are completed
by an evaluative element such as a color, a word, or a sign that gives additional information
on the healthiness level of single nutrients, emphasizing them (e.g., the English traffic light
or Multiple Traffic Light—MTL, Warning Signs which may feature the octagon “stop” or
the words “rich in”)

Directive labels, that include little information, often aggregated in a single symbol
(e.g., Swedish Keyhole, Nutri-Score) and combining several criteria. They give information
about the healthiness of the product, expressing judgments, opinions and/or recommenda-
tions, without providing specific information on single nutrients.

Warning signs are not strictly considered FOP labels, but they are nevertheless used in
studies when testing different FOPLs. In the same way, nutrition and health claims are not
technically FOPLs, although they may, in part and in some circumstances, be assimilated
into, or used in conjunction with, other FOPLs. Table 1 summarizes some of the main
FOPLs available in the EU and worldwide (modified from Delhomme, V., 2021 [13]).
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Table 1. Front-of-pack nutrition labels in the EU and other regions (adapted from Delhomme V., 2021).

Categories of FOP Models

Example of FOP Models

Countries of Use

Non-directive

Reference Intakes

|7‘/.:| ||5"/.'I |15'/.,'| |7"/.'| Iz:%‘l

2343k 1 560keal

Across Europe

(Reductive/ Numerical ‘
Non-interpretative) NutrInform = W Lol
Nutrient Battery y
specific labels :
Each serving (150g) contains
Multiple
Semi-directive Color-coded 1y, fic Lights (MTL) Lottt UK, Ireland
(EV alu ath e / Typical values (as sold) per 100g: 697kJ/ 167kcal
Interpretative)
Textual Warning Mexico, Peru,
Labels Chile
Nordic Sweden, Denmark,
Keyhole Lithuania
Endorsement
L
0808 Healthy Poland, Czech
Choices Republic
Directive
Summary labels .
(Evaluative) Australia. N.
. ustralia, New
Health Star Ratings Zealand
Graded .
Indicators NUTRI-SCORE France, Belgium,
. the Netherlands,
Nutri-Score m
Germany,
Spain

In Table 1, non-directive labels are classified as reductive, while semi-directive and
directive labels are included in the evaluative category.

The magnitude of the introduction of FOPLs in the EU market is neither clear nor
up to date. The JRC [3] reports an estimate from 2008-2009, when about 48% of products
(chosen from five categories) displayed an FOP label (the percentages seem to be lower for
endorsement/health logos, since they are limited to the healthier options within a food
category and are unlikely to be displayed on all products).

It is essential to underline that:

the European Commission plans to adopt a harmonized FOP labeling system that will
be mandatory for all member states by 2022, although this system should be based on an
NP that is still awaiting validation and definition;

with regard to the nutrients relevant to public health, according to EFSA’s opinion, it
is worth highlighting that different labels currently take into account different compounds,
including nutrients that are not directly recommended by national dietary guidelines or
by WHO;

with regard to the reference quantity, most of the evaluative/directive FOPLs refer to
100 g or 100 mL, which is not useful for directing the consumer towards a choice that is
congruent with personal needs.

4. Directive FOPLs and Nutrient Profiling

Whereas non-directive FOPLs rely directly on nutrition facts, directive labels are
based on nutrient profiling systems. Nutrient profiling has been called “the science of
classifying or ranking foods according to their nutritional composition for reasons related
to preventing disease and promoting health” [5]. WHO considered NPs a useful tool for
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a variety of applications and to be a critical tool for the implementation of restrictions on
the marketing of foods to children [14]. Within the European area, five nutrient profiling
systems have been developed: by the United Kingdom (the FSA-NPS), Denmark, Norway,
the WHO Regional Office for Europe (the WHO-Euro model), and the EU Pledge Nutrition
Working Group. To date, no gold standard has been assessed even if comparisons have
been made [15,16]

Nevertheless, the FSA-NPS, which was developed in 2005 by the British Food Stan-
dards Agency, is the most studied. It was implemented to establish restriction policies for
television advertisements about foods and beverages aimed at children, i.e., to restrict the
broadcasting of advertisements of products high in fat, SFAs, salt and/or sugar [17-20].
The algorithm generates a score for foods and beverages, computing the nutrient content
for 100 g of energy, total sugar, SFAs, and sodium, from which it subtracts the content
of fruits, vegetables, nuts, fibers, and protein. Eventually, the resulting score relies on a
discrete continuous scale ranging from —15 (healthiest) to +40 (least healthy). The FSA-NPS
algorithm is currently the basis for two different FOPLs: the Nutri-Score, which uses a
5-color scheme and letters from A (best score) to E (worst score), and the Health Star Rating,
which classifies foods from 0.5 (worst score) to 5 stars (best score) [18-20].

On the other hand, the WHO-Euro model was also created in the first decade of the
2000s to regulate products suitable or not eligible for advertising to children. It has to be
mentioned that it was developed on the Danish and Norwegian systems instead of the
FSA-NPS due to the fact that the former are based on food categories rather than a scoring
system. “Category-specific models are considered easier to adapt or modify than models
based on scoring, which is an important consideration for a regional model that countries
will be looking to use nationally” [21].

5. The Impact of FOPLs on Food Choice and Consumer Behavior

The impact of FOPLs on purchasing behavior and accuracy of food classification can
be analyzed in terms of consumer attention, acceptance and understanding.

Attention could be defined as “the degree to which consumers focus on stimuli within
their range of exposure” [22]. It is usually measured with eye-tracking tests and can be
gained by the use of advertisements and dynamic packages [22]. Acceptance is usually
determined or affected by the quality/price ratio, popularity, taste, familiarity, ideas about
food quality and safety, and label understanding [22,23]. Acceptance can be influenced
by external factors such as preexisting attitudes, ideas and knowledge towards and about
foods [23,24]. The understanding of a label at the same time can influence consumer
attention, acceptance and trust in the product, and it can be mined by technical terms [23].

FOPLs, as well as other types of labels and claims, are not always correctly understood
by the public. Sometimes the problem lies in poor consumer nutrition literacy; at other times
the influence that traditional and social media exerts on consumers and the establishment
of new food trends can lead to misconceptions, lifestyle “musts” and a general confusion
about the labels. For this reason, “healthiness” can have different meanings to different
people, and differently drive them towards purchase. For some people, it is related to
the amount of sugar, energy, or salt in a product, whereas for others, it may refer to the
presence or absence of gluten, to whether a product is labeled as organic or not, if labeled as
“free from” for a specific component/nutrient or, conversely, with “100%” content [25-31].
An example of this can be observed by considering how the same concept changed within
the same group over time (e.g., how our attitude towards fats and sugars has changed over
the last 50-60 years [32,33]).

In an attempt to better understand the level of comprehension among consumers and
the impact of these labels, experimental studies, sales data and shopping cart monitoring
have been used to assess the impact of FOPLs on purchase intentions or actual purchases,
in controlled or real-life contexts. The findings are supported by the replacement of foods
displaying an unfavorable FOPL with those displaying a more favorable one. Color-coded
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FOPLs, with or without a score, seem to facilitate better food choices and improve the
nutritional quality of the shopping basket.

Some studies and a few literature reviews (summarized in Table S1, see Supplementary
materials) show a high discriminatory capacity of the Nutri-Score for most food groups.
In the simulation studies, fruits and vegetables were usually correctly classified by the
participants in the “healthiest” categories of the Nutri-Score (“A” and “B”), while products
rich in sugars and animal fats were classified in the “less healthy” categories (“D” and
“E”) [34]. However, the ability of the Nutri-Score to discriminate the nutritional quality of
foods and beverages between and within food groups was found to be inconsistent with the
dietary guidelines in some countries (Spain and the Netherlands), especially with regard to
specific food groups (cheese, beverages, ready meals, sauces, soups and seasonings), and,
therefore, these countries asked to adjust the scoring system [35,36]. This underlines the
need for considering the role and nutritional impact of the different food categories in each
country, due to local eating habits and traditions. Moreover, there is a gap between the
assumption that FOPLs could help consumers rank foods on a health benefit scale, and
the assertion that consumers make better food choices, thus reducing their overall risk of
NCDs or becoming obese [37].

Hagmann and Siegrist (2020), in an experimental study, compared the MTL (a version
adapted for the German market), the Nutri-Score and the Nutrition Facts tables (per 100 g)
of 15 snacks currently purchased in Switzerland. The selected FOPLs compared to no label
seem to help consumers in identifying healthier snacks. Most of the participants, at the
end of the simulation, declared themselves in favor of MTL in Switzerland and considered
the Nutri-Score the least useful among the tested models. This result is probably due to
the greater familiarity with the MTL model among the consumers recruited in the study,
as well as to the broader nutritional information, in comparison with the more synthetic
approach that characterizes the Nutri-Score [12].

It must be noted that several experimental trials assumed that all food products
available for purchase have a label displayed; nevertheless, FOPL application is currently
not mandatory, and as a result, product comparisons by the consumer are not always
possible. Even in countries where FOPLs are now in use, this evaluation is often obtained
using mobile applications (such as the Open Food Facts crowdsourcing database for Nutri-
Score) that do not allow one to analyze the representativeness of the food sample, either in
terms of the number of products or market share, given the difficulty of knowing if what
these databases show corresponds to what consumers usually buy [17].

Some studies do not show statistically significant differences in purchasing behavior
and in the accuracy of food classification in the presence or absence of FOPLs, especially
when the label is not supported by an adequate information program [38]. It is also
necessary to underline the lack of uniformity among the study designs: nutritional values
and product names and/or brands are not always included, making it difficult to compare
study results and to state that one FOPL is more effective than another. These results do
not represent a realistic scenario that would allow us to assess the level of understanding
of the products” quality among consumers, because they do not correspond to a real-life
behavior [39]. Biases and factors influencing food purchases and the determinants of
consumption profiles influencing food choices also need to be considered.

Some studies seem to point out that FOPLs lead the consumer to ignore the nutritional
declaration usually found on the back of the package (BOPL) [40—-42]. Whether this is
a success or a failure from the perspective of the population, food education has to be
judged. Furthermore, virtual simulation studies usually evaluate the ability of consumers
to choose the “best” products within food categories considered to be “less healthy” (i.e.,
snacks, pizza, breakfast cereals, cakes, biscuits). This can make us assume that the ability
to rank is limited to these food categories, and that the impact on purchases is not the
same for all categories. However, in real life, products evaluated as “negative” are often
chosen regardless of the awareness of their quality, as they are considered “hedonistic”
and subjected to emotional and irrational decision-making processes [43-48]. Studies
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highlight that the “healthiness” of a food is usually not a relevant criterion in the choice
of purchasing snacks. For these foods, parameters such as palatability, price, convenience
and brand seem to be more important [49-52]. This would explain why the Nutri-Score
appears to not have a significant impact on snack choices [12]. This is highlighted when
FOPL understandability is not reflected in consumer choice, as in Fialon et al. [39] and
Vandevijvere S. [53]: they studied respectively a sample of Italian and Belgian subjects, and
the Nutri-Score was found to be the best in helping consumer to categorize foods, but it
was not associated with a shift in food choices between food categories. The same result
was found in Hamlin et al. (2020), where the HSR label was not associated with a change in
breakfast cereal choice among adolescents [54].

Therefore, the hypothesized scenario appears to be more ambitious than what current
evidence suggests to be a realistic impact of FOPLs: these simulations have to be seen as an
idea of what dietary improvements could be achieved under ideal circumstances [3], i.e., in
the “best of all possible worlds”. In fact, evidence of the impact on purchasing behavior is
limited, and it suggests a small beneficial effect on “on-site” purchases. Real-life buying
decisions are influenced by a multitude of factors (other than FOP labels) that make it
difficult to isolate the specific effect of FOPLs.

6. The Impact of FOPLs on Dietary Pattern

Even if not clearly specified in their objectives, some FOPLs aspire to modify the
consumer food choice, determining a modification of the individual dietary pattern towards
a healthier diet [3]. This means that their aim is not only to give information about food, but
to perform an intervention of primary prevention. Therefore, one aspect of the effectiveness
of FOPLs is their ability to help consumers make healthier food choices at the point of
purchase (PoP) and consequently reduce the hazard ratio (HR) of NCDs.

To investigate this hypothesized connection for directive labels based on the FSA-NPS,
a dietary index (DI) was developed. It aggregates food (or beverage) scores at the individual
level with the following equation:

i—1(FS;E;)

FSAm — NPS DI = ==L
i—1 Ei

where FS; represents the food (or beverage) score, and E; represents the energy intake from
the food or beverage. Higher index values indicate poorer nutritional quality [55].

Associations between dietary index (DI) and the risk of cardiovascular disease
(CVD) [56,57], cancer [58,59], overweight and obesity [60] were studied in volunteer sub-
jects in five prospective cohort studies. The results suggested that lower dietary index (DI)
scores are associated with a lower risk of CVD, cancer and weight gain (in men), showing
that the FOPL model based on the FSA-NPS could help consumers shift their diets towards a
lower risk of becoming sick [3]. However, the FSA-NPS does not consider food portion size,
frequency of consumption and variety, all factors that, in correct combination, define a dietary
pattern [61]. Thus, relating a dietary index to an algorithm (that is not a dietary model) could
lead to unexpected results such as high-protein diets with low FSA-NPS-DI scores (which
correspond to high dietary quality). However, it is well known that excessive red meat intake
is positively associated with all-cause mortality [62-65] and that high consumption of food
from animal sources is related to the increase in global warming [66,67] due to greenhouse
gases such as livestock-produced methane [68]. Nowadays it is also mandatory to discuss
healthy diets from a sustainability-related point of view.

Currently there is no clear and irrefutable evidence that any FOPL can lead to signifi-
cant changes in dietary patterns towards prevention of food-related NCDs, also because
it is extremely difficult to carry out studies that demonstrate a clear causality relation. A
person’s health cannot be determined exclusively by the diet, and the adjective “healthy”
cannot apply only to the diet: it would be more accurate to say that a person or a group of
people are “healthy” if they lead a healthy life [11,69]. Nevertheless, the use of nutrition
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facts and compliance with a healthy diet such as the Mediterranean diet [70,71] seem to be
positively correlated.

From modeling studies, it is possible to infer that habitual intake of products with
more favorable nutritional profiles (i.e., better scores and more positive FOPLs) probably
reduces the intake of energy and nutrients that have to be restricted, while increasing the
intake of beneficial and recommended nutrients.

Non-directive FOPLs provide consumers with information about the contribution of
food to the energy and nutrient intake within a standard diet of 2000 Kcal/day. Among
other labels, the NutrInform Battery was developed in Italy in 2018-2019 with the aim
to help consumers make informed decisions about their daily food consumption, and it
consists of a battery that fills proportionally to the nutrient composition of the foods. As
the NutrInform Battery is a recent proposal, there are still limited data on its informative
power and likability. Mazzu et al. [72-74] started testing the Battery in Italy and in seven
EU countries, comparing it with the Nutri-Score. From early data, it seems that the
Battery is perceived as more informative and useful than the Nutri-Score in understanding
food composition. In Europe, a study of 2776 people using mock products (on which no
brand name appeared to avoid influencing the subjects with parameters such as brand
loyalty) in four categories (sauces, yoghurt, biscuits and crackers) tested both FOPLs
in terms of the comprehensibility of their design, their ability to help consumers make
purchasing decisions, and their complexity and pleasantness. The results show that the
Battery seems better at informing, is more credible and easier to understand, outperforming
the Nutri-Score in subjective understanding, with some non-significant variability between
countries in terms of likability. The Battery symbol has been criticized for being counter-
intuitive and requiring an interpretive effort [75]. This statement, however, requires more
studies on larger populations and possibly in a real-life setting; otherwise, it would remain
hypothetical, based on the mere interpretation by those who find the symbol misleading
on a subjective level.

Such non-directive labels, as well as reference intakes, require more cognitive effort
from the consumer, but in the long run, this could favor an increase in nutrition knowledge
and more balanced dietary patterns. Of course, none of this will be possible unless we invest
in serious and structured nutrition education campaigns run by professionals throughout
the EU community.

On the other hand, directive FOPLs can yield different results depending on their
approach. Warning labels (WLs) are based on a negative stimulus, and they give infor-
mation about food enriched in a specific nutrient. In some cases, such as for sugars, due
to a dose—response relation, it could be difficult to find a threshold for the negative effect
on health [76]. MTLs provide information on nutrient composition per serving, similarly
to the NutrInform Battery, adding green, yellow, or red color to each nutrient labeled for
comparison to dietary reference values (DRVs). Issues regarding thresholds in use are the
same as those mentioned for WLs. Lastly, directive FOPLs such as Nutri-Score and HSR
give a simplified output: colors and letters for the Nutri-Score, and a starred score for HSR.
These labels appear more appealing and easier to understand at PoP [77-79].

However, an aspect of concern comes from the across-the-board approach of the
FSA-NPS-derived FOPLs. Comparing all foods on a unique scale may be confusing and
alter individual dietary patterns at PoP in an unknown and not always healthy direction,
especially if the FOPL does not give any information about portion and frequency of
consumption. For example, a possible scenario is that a food rich in salt could be exchanged
with a food rich in protein only because the latter has a better score. In particular, the
Nutri-Score label, which does not show any amount of any nutrient on the label, could
force consumers to use the BOPL if in need of a tailored diet (e.g., a reduced salt diet
for hypertensive issues or reduced sugars for hyperglycemic issues). Furthermore, Nutri-
Score divides all foods into five huge categories, which may not give consumers enough
information to find a healthier alternative within the same food category due to the fact
that less healthy categories cover a range of eight or more points (e.g., chocolates are all
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ranked in the E category). When at PoP, consumers could completely avoid buying some
foods or some categories, reducing their food variability, or conversely, when they decide
to consume a less healthy product with a hedonistic motivation, this could lead to intake
ad libitum due to the lack of an indicated portion size. On the other hand, if scores were
normalized for each food category, consumers could misunderstand the ranking system on
relative values and consume some products more than necessary.

In this scenario, FOPLs that show serving size and portions and/or relative nutrient
amounts in relation to DRVs, such as MTLs and the NutrInform Battery, can give the
consumers an instrument to include all foods in a healthy dietary pattern. These FOPLs
allow people not only to make an informed choice at the time of purchase, but also at the
time of consumption at home, depending on what they have already consumed during
the day or what they expect to consume; it helps them to choose and consume foods
considering their overall diet, and to develop a daily diet by “balancing” the food products
they choose. Information given by this type of label is factual and concrete, and not revised
by the creator of the symbol [80]. Consumers, once they have bought their groceries, would
be able to combine products according to what they have in their pantry and what they
have already eaten during the day. Conversely, directive FOPLs do not give consumers
this opportunity.

With regard to the assumed health effects of the FOPLs, there is not yet enough evidence
to draw conclusions as to whether they help lower the risk of developing NCDs [2,6].

Indeed, the meta-analysis by Ikonen et al. (2020) [6] seems to suggest that FOPLs
succeed in meeting the first part of the set objectives, i.e., increasing the proportion of
consumers who can notice and understand product information, but it is not clear whether
they are useful in helping consumers to make healthier choices; the ability to classify
products found on the market does not automatically translate into their ability to make
choices to achieve healthy patterns and conscious eating habits [81].

A Spanish study found that a higher FSA-NPS-DI score (corresponding to poorer
quality of the foods chosen, with higher consumption of sweets, processed meats, fast food
and sugary drinks and lower consumption of vegetables, fish and poultry) was associated
with a higher mortality rate from all causes and cancer (but not from cardiovascular
diseases) [82]. Moreover, in this study, the classification of foods according to the Nutri-
Score was consistent with adherence to the MedDiet score (Pearson’s correlation coefficient,
r = —0.45) and the Spanish guidelines (r = —0.51).

Ikonen et al. [6] point out how the effects of FOPLs have changed over time and how,
compared to the first studies carried out, the most recent ones show weaker effects on
food choices and behavior. Furthermore, differences between published and unpublished
studies seem to have been found, “with unpublished studies showing more negative effects
on healthy choices (8 = —0.236, p < 0.001) and consumption (8 = —0.238, p < 0.001),
when controlling for other factors” [6].

A macro-simulation study that used the Preventable Risk Integrated Model (PRIME),
estimated the impact of FOPLs on deaths from NCDs, suggesting that they could delay or
prevent 3.4% of cases on average, with some differences between labels, and the greater
results were achieved by Nutri-Score and HSR [83]. However, in different settings, HSR has
been criticized for not being particularly useful in influencing consumer choice, especially
in purchasing sugar-rich products [54].

As the JRC points out [3], many of the studies analyze a consumer sample in a steady
state model instead of a dynamic one, and for this reason the consumer is depicted as
unable to modify his/her eating habits and lifestyle. These studies examine FOPLs in an
isolated condition, unaffected by external factors, leading to a potential overestimation
of the benefits by overlooking confounding factors such as compensatory consumption,
increased physical activity or consumption of foods perceived as more nutritious or healthy.
In addition, the lack of data on nutrient intakes has often required the use of outdated
consumer surveys, raising questions about the representativeness of the present population
behavior [3].
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7. Impact on Food Industry

Regarding the impact of FOPLs on the food industry, theoretically they could and
should lead to improvements in product formulation and nutritional profile. One potential
risk is that reformulation occurs only for nutrients that are included in the FOPL algorithm—
nutrients that paradoxically could be replaced by others not necessarily healthier but that
are not included in the algorithm. For example, if SFAs are eliminated and replaced with
carbohydrates, the health impact would likely be neutral, at best [84].

With respect to directive FOPLs referring to 100 g or 100 mL, two different products
classified as “red” (unhealthy) can be considered equal by the consumer despite having
highly different amounts of unfavorable nutrients [85]. In fact, directive summary labels
such as the Nutri-Score show a global assessment that is not differentiated by nutrient,
hiding information about the content. The following scenario could occur: by adding
several products to the shopping cart, even if all “green”, the recommended limit on intake
of an unhealthy element, for example salt, can be exceeded.

Some industries have already been moving along this path, calculating how broad
product reformulation should be [86,87]. In these studies, a different NP was used, namely
the so-called Nestlé Nutritional Profiling System (NNPS). The NNPS, in contrast to the FSA-
NPS, is category-specific, and it calculates nutrients’ targets per serving instead adopting
an across-the-board and per 100 mg/mL approach. This means that the former ranks
foods only within their categories, while the latter compares individual foods with each
other. Despite this difference, NNPS showed that the most common nutrients in need of
reformulation were SFAs and total fats and, in compliance with NNPS standards, that SFAs,
sodium and added sugars should be reduced in content (by 10%, 8%, and 6%, respectively).

At least two aspects require further discussions: on one hand, whether packaged
product reformulation would be possible or not, it does not interfere with the usefulness of
directive FOPLs, and negative outcomes of this secondary purpose sill leave intact the reli-
ability of directive FOPLs in achieving their primary aim. On the other hand, what appears
clear is that product reformulation needs the combined effort of scientific research and
industries working together to drive packaged products towards a healthier composition.

In this context, it has to be mentioned that there are products such as traditional
food products (TFPs) that cannot be reformulated for two reasons: on the one hand,
bromatological reformulation is likely to alter organoleptic features, while on the other
hand, TFPs are regulated by Regulation (EC) 510/2006, which defines TFP standards,
gathering them under collective trademarks (e.g., PDO, PGI, TSG). Council Regulation (EC)
509/2006 gave the following definition of “traditional” in relation to foods: “Traditional
means proven usage in the community market for a time period showing transmission
between generations; this time period should be the one generally ascribed as one human
generation, at least 25 years”. Hence, TFPs differentiate from industrial foods because they
must be linked to the gastronomic traditions of a specific territory and are persistent over
time [88].

Europe cannot be regarded as a homogeneous food culture, because noticeable differ-
ences exist not only at a national level but also at a more regional/local level in terms of food
preferences, habits, food-related behavior, and attitudes [89]. Compared to Scandinavian
and Benelux countries, Southern European countries such as Italy, Spain and France have a
higher number of collective quality marks that can be regarded as possible candidates for
registration as a PDO or PGI [90]. These products are part of regional and traditional food
culture from more than three generations, and they are key factors to protect and preserve
in an economic-productive scenario of the Mediterranean basin [91], even though, on the
nutritional perspective, TFPs often have a high energetic density. Because of policy and
market interests, traditional foods have become increasingly attractive from an industry
perspective, especially for small and medium-sized enterprises. Emphasizing product
attributes generated by regional characteristics of the manufacturing area or by the use of
traditional production practices, creates new opportunities for marketers [92]. Moreover,
cultivation of local raw materials and ingredients, which are mostly used in the production
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of traditional foods, contributes to the development of a more sustainable environment,
protecting rural areas from depopulation and providing a wider variety of food choices for
consumers [93].

Since TFPs are often energy-dense foods, a classification with a healthy scale on a
100 g basis instead of a portion basis could lead to an excessive fall in their consumption,
with a subsequent loss in food variability and regional traditions and a breakdown in
local economies and employment in rural and fishery areas. Furthermore, the exclusion of
some foods (such as TFPs) from the FOP labeling system could create disparities between
products available on the food market, invalidating the primary objective of this health
policy instrument with misleading information at PoP, where consumers could be expected
to compare two foods of similar nutrient content, only one of which is labeled.

8. Strengths and Limitations

We are aware of the limitations and strengths of this narrative review.

Although it sought to include all of the research produced on this topic, some studies
may have been overlooked. Another limitation is that during the writing of this review, no
scale for its quality assessment was used.

A strength of this paper is that it deepened the research on the FSA-NPS underpinning
directive FOPLs, highlighting that a gold standard among NPs is yet to be achieved.

Furthermore, this study sought to provide a wider point of view on the matter, as well
as instruments and suggestions for more solid and homogeneous research in the future.

9. Discussion

The European Community is looking at the last quarter of 2022 for the harmonization
of a single FOPL implementation throughout all EU countries, but if we are willing to make
FOPLs a health policy tool, the information given should be easily understandable to the
whole population as well as science-based.

Although FOPLs have been studied since 1989, our literature review found research
on this topic still in progress. Indeed, regarding the ability of FOPLs to modify purchasing
behavior, evidence is limited and suggests a small beneficial effect on “on-site” purchases.
Directive FOPLs were found to help consumers rank foods, but they were not associated
with a shift in food choices between food categories [29,34,35], while non-directive FOPLs
are still under-researched.

Secondly, in terms of directing individual dietary patterns towards a healthy and
sustainable diet, non-directive FOPLs were found to be informative and helpful in increas-
ing consumers’ knowledge [74], while directive ones were strongly capable of helping
consumers categorize foods, but the findings on modifications and on a possible impact
on dietary patterns appear to be weak [5]. In particular, the correlation between FOPLs
and health outcomes, such as a decreased risk of developing NCDs or obesity, was not
supported by evidence, since no longitudinal studies were performed.

Lastly, on reformulating food products by the food industry, research appears to be
stalling. On the one hand, many packaged products need to be reformulated [86,87], but
while TFPs are impeded by their inherent nature, excluding them from labeling could be
confusing for consumers. On the other hand, data on actual reformulation are still pending.

Starting from these findings, we would highlight some limits and gaps found in the
current literature:

It is no longer possible to discuss healthy diets without taking the environment and
sustainability into consideration.

TFPs, which are often energy-dense foods and representative of local cultures and eat-
ing traditions, should be properly studied to avoid a decline in consumption, a subsequent
loss in food variability and a breakdown in local economies. There has been a lack of direct
study on the primary or secondary prevention effects of any FOPL.

At the same time, we would like to emphasize some other aspects that could be useful
for future research:
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Directive FOPLs based on FSA-NPS seem to be more immediate and appealing to con-
sumers, but due to the nature of the nutrient profiling algorithm, they do not contextualize
the food choices within daily and/or weekly dietary patterns, thus risking promoting an
unsustainable or monotonous diet.

Non-directive FOPLs are more informative and useful in enabling consumers to un-
derstand the food composition of the products they choose, increasing nutrition knowledge
and encouraging a more balanced dietary pattern. On the other hand, they seem to require
an interpretative effort that is perceived as time-consuming at the PoP.

Directive and non-directive FOPLs have been developed with different purposes,
but they are usually compared to identify the most effective one, so they fail or succeed
depending on the primary objective of the study. They should probably be perceived more
as two sides of the same coin rather than as competitors.

The use of FOPLs may also reduce interest in mandatory nutrient declarations, which
have an important, informative value for the consumer.

Regarding the aim of encouraging members of the food industry to change product
formulations, caution must be exercised to ensure that this does not trigger compensatory
mechanisms in the industry, leading to the use of “unhealthy” ingredients that are not
included in the algorithm, only to achieve a better score that does not reflect the nutritional
quality of the food.

In conclusion, it is essential to implement FOPLs with serious, more widespread,
structured, programmed policies, coordinated by professionals in the sector who are
directly and daily involved with consumer issues, to inform and educate people on how
to manage their purchases and on the composition of a healthy and sustainable dietary
pattern. It appears clear that there is no one-size-fits-all solution: strategies in food and
health policy should be explored within a multi-variable scenario [94]. All scientific gaps
should be filled before any decision is made.
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