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A B S T R A C T

Nutrient profiling (NP) models are useful for characterizing the healthfulness of foods and for underpinning various nutrition-related public
health strategies. Recently, there has been a rapid increase in the number of NP models developed by different organizations worldwide. A
systematic review (SR) summarizing the key characteristics of NP models with applications in government-led nutrition policies was carried
out in 2016 and published by Labont�e et al. [4]. Given the continuous proliferation of NP models, the current study aimed to update this SR.
Systematic searches were performed in databases of both the peer-reviewed (n ¼ 7) and grey (n ¼ 1) literature to identify publications
related to NP published between May 2016 and September 2020. The full text of relevant publications was assessed independently by 2
reviewers to build a list of potential models. Each model was classified as “already identified in the original SR” or as “newly identified.” The
eligibility of the “newly identified” models, and of some models excluded from the previous SR because their details were not known at that
time, were then assessed independently by 2 reviewers based on pre-established criteria. A total of 151 potential NP models were assessed
for eligibility, of which 93 were “newly identified,” 28 were originally excluded from the previous SR, and 30 were identified from
additional online searches during the eligibility assessment stage. Twenty-six models met the inclusion criteria. Their most frequent ap-
plications were food labeling (n ¼ 17) and regulation of food marketing to children (n ¼ 7). They all included nutrients to limit, with
sodium, saturated fat, and total sugars being the most frequently considered. Content or face validity testing was conducted for 11 (42%) of
the included models. As NP models are increasingly used worldwide to support public health strategies, having an up-to-date resource listing
them and detailing their characteristics is crucial. PROSPERO #CRD42021259041.
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Statement of Significance
The current update of a previous systematic review of NP models identified 26 newmodels over a 4-y period, primarily representing nutrient-

specific rating systems built for front-of-pack food labeling and restricting food marketing to children. These new models have mostly been found
in regions not identified in the previous review and built based on other existing models, therefore reinforcing the importance of having per-
formed this update.
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FIGURE 1. Steps of the systematic review. Abbreviations used: NP,
nutrient profile.
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Introduction

Nutrient profiling (NP) algorithms aim to characterize the
overall nutritional quality (healthfulness) of foods and beverages
[1]. They are generally based on a food product’s content in
multiple nutrients, some of which may be to encourage (e.g.,
fiber, protein) and others to limit (e.g., sugars, sodium). The
increasing inclusion of food components (e.g., additives, percent
composition in plant-derived ingredients such as fruits, vegeta-
bles, nuts, and legumes) in NP algorithms suggests they should
now be referred to as “food classification systems,” although the
current paper adheres to the more conventional term of NP
models even in cases where algorithms feature more than just
nutrients. NP is primarily relevant to the field of public health
nutrition when there is a need to define as clearly and objectively
as possible what represents a “less” or “more” nutritious food in
the context of various nutrition-related policies and regulations
[2]. NP models are therefore built to be used, among several
other possible applications, in the regulation of food marketing
to children, front-of-package (FOP) food labeling or nutrition
claims, in food taxation or subsidies, in food assistance programs,
as part of procurement standards in public institutions, and even
in product reformulation [3, 4].

In 2018, our group published a systematic review that
described and summarized the key characteristics of NP
models developed or endorsed by governmental or intergov-
ernmental organizations as part of nutrition-related policies
and regulations [4]. The focus was on government-based NP
models, given that the aim was to create an up-to-date
resource particularly intended for policymakers to assist
them in the selection of models appropriate for their needs in
regard to nutrition-related policies and regulations. In this
context, it was assumed that nonauthoritative based models
would be less likely to be adopted and used by government
bodies, explaining why they were not retained. Out of 387
potential NP models identified, 78 were included in the re-
view. It was found that nearly three-quarters (73%) of the
included models had been introduced in the previous decade,
namely between 2006 and mid-2016. Our group had, there-
fore, highlighted that nutrient profiling is a rapidly evolving
field in which brand new NP models or NP models adapted
from existing ones might be proposed for use at any moment.
In support of this statement, Kanter et al. [5] have reported
that the number of FOP food labeling systems has proliferated
in recent years: 12 new systems have been introduced
worldwide only between 2016 and mid-2019. Of note, Canada
has also recently proposed a “FOP nutrition symbol” meant to
appear on packaged foods when they exceed predefined
cut-offs for one or more of 3 nutrients to limit, namely total
sugars, saturated fat, and sodium [6]. It is additionally worth
pointing out that information was lacking about some NP
models in the SR by Labont�e et al. [4], particularly those only
available in a “draft” or “proposed” version. One cannot rule
out the possibility that these models might have officially been
adopted for use since then, with detailed information on such
models now available. With these considerations in mind, it
became imperative to update the original review by Labont�e
et al. [4]. The current systematic review, therefore, aims
to summarize and discuss key characteristics of NP models
with applications in government-led nutrition policies and
1500
regulations that have been published in their draft or final
versions since mid-2016.

Methods

The current systematic review was carried out in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [7]. A
pre-established protocol has been registered in PROSPERO
(2021: CRD42021259041) [8].

As mentioned earlier, the current systematic review builds on
and updates a previous systematic review on NP models by
Labont�e et al. [4]. As in Labont�e et al. [4], the primary objective
of the current work was to identify NP models existing world-
wide for application in various types of government-led nutri-
tion-related policies and regulations aimed at health promotion
and noncommunicable disease (NCD) prevention. The method-
ology used (e.g., eligibility criteria for publications and NP
models) was, therefore, similar to the one of the original review
[4]. The current update more specifically followed 5 main steps,
which are listed in Figure 1 and further detailed below.
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Step 1: Collection of information from the original
systematic review by Labont�e et al. (2018)

In the original review by Labont�e et al. [4], 309 out of 387
potential NP models had been excluded. As part of the current
work, the review team aimed to retrieve, within these 309
excluded models, all models that had specifically been dis-
carded due to criterion G (i.e., details of the model are not
known) as defined in Table 1, either alone or in combination
with criterion H or J. These models had been excluded by
Labont�e et al. [4] at the time of the original review, but there
was a possibility that detailed information on those models had
become available since then. The aim of retrieving these models
was, therefore, to re-assess their eligibility as part of Step 4
described below.

Step 2: Searches of the peer-reviewed and grey
literature and selection of publications relevant to
the topic of NP
Literature searches

Searches have been carried out in various electronic data-
bases to identify publications relevant to the topic of NP in both
the scientific and grey literature: a) Peer-reviewed literature:
PubMed, MEDLINE, EMBASE, COCHRANE, CINHAL, PSYC-
INFO, Google Scholar; and b) Grey literature: Web of Science.
The following broad search terms, which were essentially the
same as in the original review by Labont�e et al. [4], have been
used in each database: nutrient profil* OR nutritional profil* OR
nutrition profile*. An example of the search strategy specific to
each database is provided as supplementary data (Supplemental
Tables 1 and 2).

Of note, the literature searches were conducted on 2 different
occasions. A first set of searches was conducted on December 2,
2018, and a second one on September 2, 2020. The first set of
searches was limited to papers published between May 26, 2016,
and December 2, 2018. The start date represented the moment at
which the last searches had been conducted in the previous
systematic review by Labont�e et al. [4]. The second set of
searches covered the period between the end date of the first set
(December 2, 2018) and September 2, 2020, and results from
both sets of searches were then combined. All searches were
performed by one author (CM).

No restriction on language was imposed during the searches.
All search results were exported to citation management soft-
ware [EndNote X6; Clarivate Analytics].

Publication Selection
One of the authors (CM) first removed duplicates within the

combined search results using the function “Find duplicate” in
the citation management software. A manual verification was
further performed to ensure the removal of any remaining
duplicates.

In terms of eligibility criteria for publications, similar to
Labont�e et al. [4], there was no restriction on the type of
publication to be included in the systematic review. For
example, research articles of any study design, government
documents, reports, theses, etc., were all deemed eligible as
long as their screening revealed that they comprised terms
related to NP or NP applications in their title, abstract, sum-
mary, or table of content (i.e., at least one term between
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nutrient, nutritional, nutrition, or food AND at least one term
between profil*, criter*, scor*, standard*, requirement*, pro-
gram*, guideline*, schem*, healthy, healthi*, healthful*, clas-
sification, advertis*, market*, labeling/labeling, subsid*, tax*,
govern*). Such publications have been retained for further
evaluation based on their full text. Publications have been dis-
carded only when it was clear that they were not relevant to the
topic of the review. Reasons for excluding a publication
comprised, for example, publication about the nutrient profile
of animal food or diets; studies in the field of agriculture, such
as comparisons between the nutrient profile of different vari-
eties of plants or seeds; tools that assess the quality of food
exclusively according to criteria other than nutritional value
(e.g., NOVA food processing system [9]).

To enhance objectivity and avoid mistakes, the screening of
the identified publications was performed independently by 2
review team members (CM þ SP or CM þ AL). In case of a
disagreement, a third review team member (MT or MEL) was
involved.
Step 3: Identification of potential NP models from
retained publications and classification of models as
“newly identified” or “already identified by Labont�e
et al. (2018)”
Identification of potential NP models

This step consisted of evaluating the full text of all publica-
tions retained after the screening stage (step 2). It has allowed to
confirm the eligibility of the publications and, therefore, to
identify all potential NP models that were mentioned, described,
tested, or used to answer a specific research question in a given
publication, in any part of it (i.e., title, abstract, introduction,
methods, results, discussion or conclusion). As in Labont�e et al.
[4], any classification or scoring system, standard, requirement,
program, guideline, regulation, legislation, etc. that potentially
included the use of nutritional criteria to evaluate the nutritional
quality of food products was recorded as a potential NP model.
This step was performed independently by 2 review team
members (CM þ AL), and a third review team member (MT) was
consulted in cases of disagreement. Then, 2 team members (CM
þ AL or CM þ MT) independently captured the names of all
potential NPmodels included in each publication to build a list of
potential models. They also evaluated the presence of possible
duplicates in the model names, with help from the references
provided for each model, and decided on a single name for each
potential model.

Classification of NP models as “already identified in the
systematic review by Labont�e et al. (2018)” or as “newly
identified”

All potential NP models identified as part of the full-text
assessment stage were then classified independently by 2 re-
view team members (CM þ MT) either as “already identified in
the systematic review by Labont�e et al. [4]” or as “newly iden-
tified.” Disagreements were resolved by consensus, and if
consensus was not reached, a third review team member (MEL)
was involved. For all models that were not previously identified
in Labont�e et al. [4], or if it was not possible at this point to
establish whether a model corresponded either to a previously
identified model or to a newly identified model, a new identifier



TABLE 1
Criteria used for the eligibility assessment of all potential NP models identified1

Reason Inclusion criteria Exclusion criteria

A Models allowing for the classification or categorization of
individual foods.

Models only allowing for the classification or categorization of
combinations of foods (i.e., meals or diets, such as the Healthy Eating
Index).

B Models integrating data from more than one nutrient or food
component to produce a single overall score or categorization,
or models with separate sets of criteria for multiple nutrients or
food components (e.g., Traffic Light System in which the levels
of each of the nutrients considered are interpreted separately).

Models in which only a single nutrient or food component is used, as
focusing on only one aspect of the nutritional composition can mask the
overall nutritional quality of a food product (e.g., nutrient content
claim; reformulation targets for single nutrients such as sodium; Whole
Grain Stamp).

C Models with a food focus that also use criteria based on
nutrients and other food components.

Models with a food focus that do not use criteria based on the amounts
of nutrients and other food components (e.g., a model which only states
that soft soda cannot be advertised to children without considering the
underlying nutritional composition of the products).

D Models in which the output is a score or classification and
includes at least a modest interpretative element.

Models in which the output shows little or no interpretative element
(e.g., models only repeating the amounts of some nutrients found in the
Nutrition Facts Table, or models showing a percentage of GDAs, a
percentage of DVs or the GDAs/DVs themselves).

E Models developed or endorsed2 by governmental or
intergovernmental organizations and having applications in
government-led nutrition policy and regulation, including, but
not limited to:
- Food-certification schemes/front-of-pack labeling
- Standards for food advertising or marketing
- Regulation of health and nutrition claims
- Food procurement regulations/food quality standards for
public institutions (e.g., schools, workplaces, hospitals, armed
services, prisons, elderly care homes)

- Food taxation
- Food subsidies
- Welfare support schemes
- Food fortification
- Nutritional surveillance
- Reformulation

Models developed by different types of organizations (e.g., commercial;
nongovernmental; academia, etc.) that are not endorsed2 by
government bodies (e.g., models developed by the food industry for
their own voluntary marketing restrictions; models developed by heart
foundations for food-certification schemes)

F Models intended for national or international use, or for use in a
jurisdiction with responsibility for the relevant food policy or
regulation (e.g., models developed by states or provinces
responsible for school food standards).

Models intended for use at a very specific / narrow level (e.g.,
municipal).

G Details of the model are publicly available in the peer-reviewed
or grey literature (e.g., government documents/websites,
theses, etc.).

Details of the model are not known because they are not publicly or
freely available, or they could not be found, therefore not allowing for
the appropriate use or adaptation of a model or appropriate evaluation
of its construct and components.

H Final versions of models which are currently in use or draft
models that have been proposed for use within the last 3 to 5 y.

Discontinued models no longer in use, or proposed models that were
never implemented.

I Models that do not duplicate information included previously. Models duplicating information from another model (e.g., an exact
same model is described in multiple documents, but under slightly
different names).

J Full details of the model are available in English or French. Full
details of the model are available on a website that offers
automatic translation.

Full details available in another language than specified in the left
column. The website (or PDF link) on which full details of the model are
available does not offer an option for automatic translation.

K N/A “Not relevant”: This represents the situation where it is found, during
eligibility assessment, that a policy, regulation, standard, scheme, etc.,
initially considered as a potential nutrient profile model actually does
not correspond to such a model (i.e., does not use any criteria to classify
foods, either food-based or nutrient-based). For example, this could be
a Code in which it is found, when reviewing the source document, that
there is a total ban of the commercial advertising of any type of product
to children, food or not. Therefore, this means that no nutrient profile
model is used as part of this Code to determine which foods can or
cannot be advertised to children.

1 Letters are used to indicate the reason(s) for exclusion in the list of excluded models (Supplemental Table 3). Abbreviations used: DV, Daily
Value; GDA, Guideline Daily Amount; N/A, not applicable; NP, nutrient profile.
2 In the systematic review by Labont�e et al. [4] and in the current review, "endorsed" refers to models that are used by governmental or inter-

governmental organizations or that are made reference to in government publications in relation to� 1 of the above applications, but that were not
specifically developed by such organizations. For example, a government body may have mandated another organization for the development of a
model aimed at supporting one of their nutrition-related policies.
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(i.e., model number) was given to the model in prevision of
eligibility assessment. Models have been numbered starting from
no. 396, which represented the number next to the last identifier
given by Labont�e et al. [4].

Step 4: Eligibility assessment of all newly identified
NP models and reassessment of models that had
been excluded from Labont�e et al. (2018) due to a
lack of information available at that time
NP model eligibility criteria

As in Labont�e et al. [4], the current update includes publicly
available NP models developed or endorsed by government
bodies. These models had to be built for application in
nutrition-related policies or regulations at the provincial/state
level or higher and had to provide an interpretation of the
nutritional quality of individual food products based on mul-
tiple (i.e., �2) nutrients or food components, either in the form
of a summary indicator system (e.g., global assessment illus-
trated as a “healthy” logo) or in the form of a nutrient-specific
system (e.g., a traffic light system for multiple nutrients
assessed individually). The included NP models had to repre-
sent the final version in use or a draft version proposed for use
within the last 3–5 y, with details available in English or in
French. Eligibility criteria for the NP models are fully described
in Table 1.

Eligibility assessment
All newly identified models and each model that had been

excluded from Labont�e et al. [4] specifically due to criterion G,
either alone or in combination with criterion H or J (as described
under Step 1), were assessed according to the eligibility criteria
in Table 1. Eligibility assessment was conducted with the use of
information from the publications retrieved in the literature
searches, supplemented, if necessary, with information obtained
from online searches about specific models (e.g., searches on
Google or government websites) or from requests sent to an
author or a contact person in organizations that developed the
models. These contact persons could direct us to the appropriate
location of a publicly available document about a given NP
model.

Eligibility assessment was completed independently by 2
team members (CM þ MT or CM þ JC). Evaluations were then
compared, and discordances were resolved by consensus or by
involving a third review team member (MEL). Models that met
all inclusion criteria as of November 29, 2021, were included in
the review and retained for data extraction. Models that were not
eligible based on � 1 of the exclusion criteria were kept in a list
of excluded models (Supplemental Table 3). This list comprises
the model number, the model’s name, the source reference(s),
the date of last access, reason(s) for exclusion, details on rea-
son(s) for exclusion, and additional information on the model (if
relevant).

Additional potential NP models identified during the eligibility
assessment stage

Through additional documentation reviewed (e.g., searches
on Google and Google Scholar, on governmental websites, and
on PubMed), the above eligibility assessment stage allowed the
identification of additional potential NP models that had not
been retrieved as part of the literature searches. These additional
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potential NP models were therefore assessed independently by 2
team members (CM þ JC) against the eligibility criteria defined
in Table 1.
Step 5 – Data extraction
Data on all included NP models were extracted into a

Microsoft Excel Worksheet using the same fields as in Labont�e
et al. [4]. Data extraction fields included, for example, the model
number; model name; type and name of the organization(s) that
developed the model; possible applications (purposes) of the
model; a list of food categories included; list of nutrients to limit
and nutrients to encourage; reference amounts; outputs; and
information on validation. Data extraction of all models was
performed independently by 2 review team members (JC þ CM
or JC þ MT). Disagreements were resolved by consensus or by
involving a third review team member (MEL).

In the current article, extracted data have been separated into
different tables to facilitate data synthesis, reading, and under-
standability. The article does not present all of the extracted
data. However, a searchable Excel database including all possible
fields can be made available upon request to the corresponding
author.

Results

Literature search results and publication selection
Literature searches allowed identifying a total of 2534 pub-

lications, from which 1598 records originated from the peer-
reviewed literature and 936 records originated from the grey
literature (Figure 2). Following the removal of duplicates, 1802
records remained for the screening stage based on titles and
abstracts or summaries, which led to 366 publications being
retained for further evaluation based on their full text.
Identification of NP models and eligibility
assessment

The full-text assessment of selected publications allowed the
identification of 167 potential NP models, of which 93 repre-
sented newly identified potential models. The other 74 models
had already been identified in the previous systematic review by
Labont�e et al. [4] and, therefore, did not need to be assessed for
eligibility (Figure 2). Of note, models that had already been
identified in the original review but comprised algorithms that
have been updated since then (e.g., Health Star Rating system,
no. 196) were not considered here as new potential models, since
their main characteristics, such as their name, country of origin,
and primary application remained the same. In addition to the 93
newly identified models, 28 models found exclusively in Labont�e
et al. [4] which had been excluded because their details were not
available at that time (i.e., models with reasons of exclusion G,
G-H or G-J, see Step 1 and Table 1 for more details) were
considered as potential NP models in the current review. This led
to 121 potential NPmodels. However, 30 additional potential NP
models were further identified during the eligibility assessment
stage of these 121 models (see Step 4). Therefore, eligibility
assessment finally occurred for a total of 151 models, and 26 of
these met the inclusion criteria. Of the 125 models that have
been excluded, 41% (n ¼ 51) were discarded because they were
not developed or endorsed by a governmental organization



FIGURE 2. Flow diagram of the publications and NP models selection. Data are current as of November 29, 2021. 1 Of note, the number of full
texts reviewed is not related to the number of potential NP models identified from these publications. 2 These 28 models correspond to models that
had been excluded from Labont�e et al. (2018) specifically due to criterion G, either alone or in combination with criterion H or J (see Table 1),
because information on these models was not publicly available at that time. It was decided to re-assess the eligibility of those models as part of the
current systematic review, since information about them might have become available. Abbreviations used: NP, nutrient profile; SR, system-
atic review.
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(Figure 2). Thirty-four percent (34%) of the excluded models had
more than one reason for exclusion (n ¼ 42). Reasons for the
exclusion of each model are provided as supplementary data
(Supplemental Table 3).
The main characteristics of included NP models
Possible applications of NP models

A primary application, defined as the main nutrition-related
policy or regulation for which a model was built, was identi-
fied for each included NPmodel. As in Labont�e et al. [4], primary
applications were determined using information extracted from
each model based on their source references. Given that NP
models may sometimes be built for use in more than one context,
other applications were also identified for some of the included
models. Figure 3 shows the primary and additional applications,
whenever relevant, of the 26 included models. The most com-
mon primary application was FOP food labeling, present in
almost two-thirds of the NP models (n ¼ 17, 65%), followed by
the restriction of food and beverage marketing to children (n¼ 7,
27%), regulation of health or nutrition claims (n ¼ 1, 4%), and
consumer education (n ¼ 1, 4%). Seventeen of the included
models (65%) had at least one additional possible application,
the most common additional applications being reformulation (n
¼ 11, 42% of all included models) and consumer education (n ¼
10, 38%). Details on the specific model numbers associated with
each possible application are provided in Table 2.

Characteristics related to the development of NP models
Table 3 describes the various characteristics related to the

development of included NP models, including each model’s
specific name. Models are first listed according to their primary
FIGURE 3. Number of nutrient profile models associated with each
possible application identified. An application is defined as a purpose
for which a nutrient profile model was built. Applications are sorted
first by descending order of the number of models per primary
application (black bars), and second by descending order of the
number of models per additional application (white bars). Each model
is associated with only one primary (i.e. main) application; the addi-
tion of black bars therefore equals 26. However, a model could also be
associated to one or more additional (i.e. secondary) application. The
number of additional applications per model ranged between 0 and 7,
explaining why the total of additional applications is not equal to the
total number of models. Further details on the possible applications of
the models and specific model numbers associated with each appli-
cation are provided in Table 2.
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application (decreasing order) and then by their country of
origin (alphabetical order). Half of the included models origi-
nated from 2 regions: Asia (n ¼ 7, 27%) followed by the Amer-
icas (n ¼ 6, 23%). The Slovenia Traffic Light System (no. 451)
was the only model entirely built by nongovernmental or aca-
demic organizations and, therefore, considered as endorsed by
the Slovenian government. Indeed, this government cofinanced
the model’s development because they believed it would lead to
beneficial changes in consumer food choices and encourage the
food industry to reformulate their products. All other models (n
¼ 25, 96%) were developed at least in part by a governmental or
intergovernmental organization. Fifteen models (58%) were
based on at least one other existing model identified in the
current review and/or by Labont�e et al. [4].

Characteristics related to the components of NP models
Table 4 summarizes the main components of all included NP

models overall and according to each of the 4 primary applica-
tions identified, whereas Table 5 presents the main characteris-
tics of each model separately. Additional information on the
specific nutrients and food components considered in each
model and on the specific types of reference amounts or units
considered (e.g., per 100 g, per 100 ml, per serving) is provided
in Supplemental Table 4 and Supplemental Table 5, respectively.

Summary rating systems based on the amounts of multiple
nutrients or food components represented 50% of the models (n
¼ 13), whereas 11 models (42%) provided a nutrient-specific
rating of the nutritional quality of food products. Only 2
models, built for FOP food labeling, represented a combination
of these 2 types of rating systems by generating both a summary
rating and a nutrient-specific evaluation of food products
(Table 4). The output of 25 models (96%) consisted of a classi-
fication (e.g., Croatia Healthy Living Mark, no. 496, which
classifies food products as eligible or not to carry a healthy logo).
For the only remaining model (i.e., Thailand Healthier Choice
Logo, no. 515), a combination of both types of output was used
and varied depending on the food category evaluated. The
output represented only a classification for some food categories,
whereas it took the form of a score that was then translated into a
classification for some other categories (Tables 4 and 5).

There was a large variation between the different NP models
in the number and type of food categories that included nutrient
criteria. Thirteen models (50%) included only major food cate-
gories, of which the number ranged between 1 and 5 (e.g., 2
categories: Processed Solid Food and Beverages, in the Peru
Warning Labels, no. 483). The other half of the NP models
included at least one subcategory in addition to major categories
(e.g., Israel Green Label, no. 485, in which the major category of
Dairy products is divided into a) Liquid milk, b) Fermented milk
products, and c) Cheeses). Five of these models (19%) also
included sub-subcategories (e.g., Zambia Good Food Logo, no.
499, in which the major category of fruits and vegetables in-
cludes 4 subcategories and one of these subcategories also in-
cludes 2 sub-subcategories). Within a single model, nutrient
criteria could be applied at any food category level (i.e., major,
sub-, or sub-subcategory level). For example, the Sri Lanka
Nutrient Profile Model, no. 296, applies nutrient criteria at both
the major and subcategory levels. For instance, the major cate-
gory of Confectionary applies the same set of criteria to any type
of confectionary, whereas the major category of Ready-to-eat



TABLE 2
Applications listed for the 26 included NP models and model numbers associated with each application1

Applications2 Primary
application,
n

Model number(s) Additional
application,
other than
primary, n

Model number(s) Total: primary þ
additional
application, n

Food labeling:
Food-certification scheme /
front-of-pack labeling

17 213, 221, 414, 445,
483,
484, 485, 496, 499,
501,
502, 503, 504, 506,
511,
512, 515

3 296, 477, 516 20

Regulation of claims
(e.g., health and/or nutrient claims)

1 513 3 501, 506, 516 4

Food in public settings:
Schools 0 4 336, 477, 485, 516 4
Preschools 0 1 485 1
In general 0 1 516 1

Restriction of the promotion/
marketing of foods to children

7 296, 333, 336, 415,
477, 481, 516

3 213, 445, 485 10

Consumer education 1 451 10 221, 296, 483, 496,
499, 501, 502,
506, 515, 516

11

Taxation 0 4 296, 336, 477, 516 4
Reformulation 0 11 221, 296, 414, 451,

477, 485, 496,
499, 502, 515, 516

11

Subsidies 0 1 485 1

1 An application represents the purpose for which a nutrient profile model was built. Each model is associated with only one primary application;
therefore the sum of the number of models per primary application equals 26. An additional application represents one that is specified in the source
reference of a model in addition to its primary application (e.g. model no. 515 is primarily meant for front-of-pack food labeling, but also has
reformulation and consumer education as additional applications). For a given model, the number of additional applications could range between
none and 7.
2 In the previous systematic review by Labont�e et al. [4], a higher number of possible applications had been identified (e.g. Food in public settings:

recreational facilities (e.g., national parks), health facilities (e.g., hospitals), government facilities (e.g., food procurement; food sold in cafeterias),
vending machines (in various settings); Food system/surveillance). Since none of the models included in the current review had these applications
as a primary or additional application, they were not listed in the current table. However, a new application, consisting of Food in public settings (in
general), has emerged and has been added to this table.
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savories does not include nutrient criteria per se. It is rather
subdivided into the subcategories of a) Potato, cereal, or starch-
based products, and b) Processed nuts, which each include
different nutrient criteria. As a result, across all models, the total
number of categories that included different nutrient criteria
within a specific model ranged between 1 and 84. The largest
ranges (maximum–minimum) in the number of food categories
with nutrient criteria were specifically observed in NP models
built for FOP food labeling (Table 4).

All models included nutrients or food components to limit (n
¼ 26, 100%), whereas 8 models (31%) also included nutrients or
food components to encourage (Table 4, Supplemental Table 4).
The number of nutrients or food components to limit varied
between 3 and 10 across the different models, and the top 3
consisted of sodium (100% of models), saturated fat (88%), and
total sugars (88%). Among the 8 models that included nutrients
or food components to encourage, the number of such nutrients
ranged from 1 to 16, and the top consisted of fiber (88%), cal-
cium (50%), iron (50%), and protein (50%). The overall number
and type of nutrients and food components considered in a
model varied across the model’s food categories for 58% of the
models (n ¼ 15; e.g., India Proposed Nutrient Profile Model, no.
213, in which saturated fat and sodium are considered only in
1506
some specific categories, whereas trans fat and added sugars are
considered in all categories).

The main types of reference amounts (or other units) taken
into account in the NPmodels were, in descending order, per 100
g (n¼ 23; 88%), per 100 ml (n¼ 17; 65%), per 419 kJ (100 kcal)
or % of energy (n ¼ 8; 31%), and the presence (or absence) of a
given nutrient or food component in a food product (e.g., no
added sweeteners; n ¼ 8; 31%). Three models used a single type
of reference amount (i.e., per 100 g), meaning that all other
models (n ¼ 23; 88%) used at least 2 different types of reference
amounts in their algorithm (Tables 4 and 5, Supplemental
Table 5). The most common combination, observed in 16 models
(62%), was the use of the per 100 g reference amount along with
the per 100 ml reference amount, depending on whether prod-
ucts are in the solid or liquid form (Supplemental Table 5).

Information on the validation of NP models
Validity testing of NP models can be conducted in different

ways, which include, but are not restricted to, content, face, and
criterion-related validity [58–60]. It was not possible to identify
information on any form of validity testing for 58% of the
included NP models (n ¼ 15; Table 6). Of these, 5 models were,
however, considered as having been “indirectly” validated



TABLE 3
Characteristics of the development of each included NP model (n ¼ 26)1

Country (state/
province if applicable)

Model number Model name (reference(s)) Organization type Organization name Year of introduction
or seminal publication

Model derived from
other model(s)? [yes
or no]2

Model that served in
the development of
other model(s)?
[yes or no]3

Front-of-pack food labeling (n ¼ 17)
Brazil 506 Brazil Warning Labels (10-12) Govt or intergovt The Brazilian Health

Regulatory Agency4
2020 No No

Brunei Darussalam 501 Brunei Healthier Choice Logo
(13, 14)

Govt or intergovt Brunei's Ministry of
Health

2017 73 No

Canada 414 Canada Proposed Warning
Labels (15)

Govt or intergovt Health Canada 20185 No No

Croatia 496 Croatia Healthy Living Mark
(16, 17)

Govt or intergovt Croatian Institute of
Public Health

2016 No No

India 213 India Proposed Nutrient
Profile Model (18)

Govt or intergovt India's Ministry of Health
and Family Welfare6

2019 No No

Iran 503 Iran Traffic Light Labelling
System (19-21)

Govt or intergovt Iran's Ministry of Health
and Medical Education

2014 41 No

Israel 485 Israel Green Label (22) Govt or intergovt;
Academic

Israel Ministry of Health
(Food Control Services
and Nutrition Division),
as part of a Scientific
Committee also including
leading nutrition and
medical professionals
from academia and the
healthcare system

2020 No No

Israel 221 Israel Red Warning Labels
(23-25)

Govt or intergovt Israel Ministry of Health 2017 156 No

Kingdom of Saudi
Arabia

511 Saudi Arabia Proposed Traffic
Light Labelling System (26)

Govt or intergovt Saudi Food and Drug
Authority (SFDA)

2018 41 No

Malaysia 502 Malaysia Healthier Choice
Logo (27-29)

Govt or intergovt Malaysia's Ministry of
Health - Nutrition
Division

2017 53, 73, 334 (therefore
indirectly 335, itself
based on 62, 251, 5
and 11)

No

Mexico 445 Mexican Warning Labels
(Nutrisello) (30)

Govt or intergovt Mexican Ministry of
Health

2020 No No

Peru 483 Peru Warning Labels (31) Govt or intergovt Peru's Ministry of Health 2017 156, 388 No
Sri Lanka 504 Sri Lanka Traffic Light

Labelling System (32-34)
Govt or intergovt Sri Lanka Ministry of

Health, Nutrition and
Indigenous Medicine with
the Food Advisory
Committee

2019 No No

Thailand 515 Thailand Healthier Choice
Logo (35, 36)

Govt or intergovt;
Academic

Thailand's Ministry of
Public Health, Thai
Health Promotion
Foundation, The Institute
of Nutrition7, and
Thailand's Food Service
FDA

2016 No No

(continued on next page)
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TABLE 3 (continued )

Country (state/
province if applicable)

Model number Model name (reference(s)) Organization type Organization name Year of introduction
or seminal publication

Model derived from
other model(s)? [yes
or no]2

Model that served in
the development of
other model(s)?
[yes or no]3

Tunisia 512 Tunisia Health Logo (37-40) Govt or intergovt Tunisia's Ministry of
Health

2015 69, 333 No

Uruguay 484 Uruguay Warning Labels (41) Govt or intergovt Uruguay Ministry of
Public Health

2017 156 No

Zambia 499 Zambia Good Food Logo
(42-44)

Govt or intergovt;
Commercial

Zambia's Ministry of
Health8, Scaling Up
Nutrition Business
Network (SBN),
Zambia Bureau of
Standards

2020 53 No

Restriction of marketing to children (n ¼ 7)
Canada 415 Canada Proposed Nutrient

Profile Model for Marketing
to Children (45-47)

Govt or intergovt Health Canada 2016 5, 335 (itself based on
62, 251, 5 and 11),
388

No

China (Taiwan) 481 Taiwan Recommendations on
Sugar, Fat, Saturated fatty
acids (48)

Govt or intergovt Taiwan Ministry of Health
and Welfare

2016 No No

International 333 WHO Nutrient Profile Model
for the Eastern Mediterranean
Regional Office (WHO-
EMRO) (38, 49)

Govt or intergovt WHO Regional Office for
the Eastern
Mediterranean Region in
collaboration with the
Department of Nutrition
for Health and
Development at WHO
headquarters

2014 (field tested);
2017 (published)

335 (itself based on
62, 251, 5 and 11)

512

International 336 WHO Nutrient Profile Model
for the South-East Asia
Regional Office (WHO-
SEARO) (50)

Govt or intergovt WHO Regional Office for
the South-East-Asia
Region (SEARO)

2016 (field tested);
2017 (published)

334 (itself based on
335), 335 (itself based
on 62, 251, 5 and 11)

296

International 516 WHO Nutrient Profile Model
for the African Region (51)

Govt or intergovt WHO Regional Office for
Africa in collaboration
with Member States and
the Department of
Nutrition for Health and
Development at WHO
headquarters

2019 336 (itself based on
334 and 335)

No

Samoa 477 Samoa Nutrient Profile
System for Identifying
Healthier and Less Healthy
Food Options (52)

Govt or intergovt;
Academic

Melbourne's Global
Obesity Centre, Samoa
Ministry of Health,
Australia's Centre for
Pacific Island Studies,
Netherlands' School of
Nutrition and
Translational Research in
Metabolism/School for
Public Health, Primary

2018 No No

(continued on next page)
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TABLE 3 (continued )

Country (state/
province if applicable)

Model number Model name (reference(s)) Organization type Organization name Year of introduction
or seminal publication

Model derived from
other model(s)? [yes
or no]2

Model that served in
the development of
other model(s)?
[yes or no]3

Care and Menzies Centre
for Health Policy

Sri Lanka 296 Sri Lanka Nutrient Profile
Model (53)

Govt or intergovt Sri Lanka Ministry of
Health, Nutrition, and
Indigenous Medicine, in
collaboration with WHO

2018 336 (itself based on
334 and 335)

No

Regulations of claims (e.g., health and/or nutrients) (n ¼ 1)
Tunisia 513 Tunisia Nutrient Content

Claims (54)
Govt or intergovt Tunisia's Minister of

Trade and Crafts, Public
Health, Industry, Energy
and Small and Medium
Enterprises

2008 No No

Consumer education (n ¼ 1)
Slovenia 451 Slovenia Traffic Light System

(55-57)
NGOs (non-profit
research institute and
non-profit consumer
education
foundation);
Academic (University-
affiliated research
institute)9

The Jo�zef Stefan Institute,
the Slovenian Consumers'
Association (ZPS), and the
Institute of Nutrition

2019 41 No

1 Abbreviations used: Govt, Governmental; FDA, Food and Drug Administration; intergovt, intergovernmental; NGO, nongovernmental organization.
2 Model derived from one or more other models identified as part of the systematic review by Labont�e et al. [4] or the current review; [yes (indicated by model numbers) or no].
3 Model that served at least in part as the basis for the development of �1 other included model; [yes (indicated by model numbers) or no].
4 Agência Nacional de Vigilância Sanit�aria - ANVISA.
5 Introduction in 2018 with pre-consultation white paper published in 2016.
6 Food safety and standards authority of India.
7 Institute of Nutrition at the Mahidol University.
8 Zambia National Food and Nutrition Commission.
9 The Ministry of Health of the Republic of Slovenia has cofinanced the project. It appears that they have supported this model’s development because they believed it would lead to beneficial

changes in consumer food choices and encourage the food industry to reformulate their products.
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TABLE 4
Main characteristics of included NP models, overall and according to the 4 primary applications identified1

Characteristics Total (n ¼ 26) Front-of-pack food
labeling (n ¼ 17)

Restriction of
marketing to children
(n ¼ 7)

Regulation of claims
(n ¼ 1)

Consumer education
(n ¼ 1)

Type of rating system
Summary rating of
the nutritional
quality

13 (50%) 6 (35%) 7 (100%) — —

Nutrient-specific
rating

11 (42%) 9 (53%) — 1 (100%) 1 (100%)

Combination of
both

2 (8%) 2 (12%) — — —

Type of output
Classification 25 (96%) 16 (94%) 7 (100%) 1 (100%) 1 (100%)
Score — — — — —

Combination of
both

1 (4%) 1 (6%) — — —

Food categories2

Level at which nutrient criteria are applied
Major only 13 (50%) 8 (47%) 3 (43%) 1 (100%) 1 (100%)
Major and sub 6 (23%) 2 (12%) 4 (57%) — —

Major, sub, and
sub-sub

3 (12%) 3 (18%) — — —

Sub only 2 (8%) 2 (12%) — — —

Sub and sub-sub 2 (8%) 2 (12%) — — —

Total number of food
categories,
including nutrient
criteria (min-max)

1-84 1-84 1-29 2 2

Nutrients and food components
Number/type of
nutrients and food
components may
vary across the
model’s food
categories/types of
food products
evaluated

15 (58%) 9 (53%) 5 (71%) 0 (0%) 1 (100%)

Inclusion of
nutrients3 to limit

26 (100%) 17 (100%) 7 (100%) 1 (100%) 1 (100%)

Number of
nutrients3

considered (min-
max)

3 - 10 3 - 10 4 - 8 6 4

Top 3 nutrients3

considered (% of
models that include
the nutrient)4

1. Total sodium
(100%)

1. Total sodium
(100%)

1. Saturated fat
(100%)

N/A N/A

2. Saturated fat (88%) 2. Total sugars (88%) 2. Total sodium
(100%)

3. Total sugars (88%) 3. Saturated fat (82%) 3. Total fat (86%)
4. Total sugars (86%)

Inclusion of
nutrients3 to
encourage

8 (31%) 6 (35%) 0 (0%) 1 (100%) 1 (100%)

Number of
nutrients3 to
encourage (min-
max)

1 - 16 3 - 16 N/A 2 1

Top 3 nutrients3

considered (% of
models that include
the nutrient)4

1. Fiber (88%) 1. Fiber (100%) N/A N/A N/A

2. Calcium (50%) 2. Calcium (67%)
3. Iron (50%) 3. Iron (67%)
4. Protein (50%)

Reference amounts/units
1. Per 100 g (88%) 1. Per 100 g (88%) 1. Per 100 g (86%) N/A N/A

(continued on next page)
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TABLE 4 (continued )

Characteristics Total (n ¼ 26) Front-of-pack food
labeling (n ¼ 17)

Restriction of
marketing to children
(n ¼ 7)

Regulation of claims
(n ¼ 1)

Consumer education
(n ¼ 1)

Top 3 types of
reference amounts
or other units
considered (% of
models that include
the reference
amount/unit)5

2. Per 100 ml (65%) 2. Per 100 ml (65%) 2. Per 100 ml (57%)
3. Per 100 kcal or % of
energy (31%)

3. Presence or absence
of a nutrient or a food
component (35%)

3. Per 100 kcal or % of
energy (29%)

4. Presence or absence
of a nutrient or a food
component (31%)

4. Per other
prespecified amount
(g or ml) (29%)
5. Per serving (29%)
6. Presence or absence
of a nutrient or a food
component (29%)

Validity testing and other characteristics
Some degree of
validity testing
identified (e.g.,
content, construct/
convergent, face,
and/or criterion-
related/predictive
validity)

11 (42%) 5 (29%) 6 (86%) 0 (0%) 0 (0%)

Number of models
derived from other
models, either
included or
excluded, identified
as part of this review
or the review by
Labont�e et al. [4]

15 (58%) 9 (53%) 5 (71%) 0 (0%) 1 (100%)

Number of models
that served at least
in part as the basis
for the development
of�1 other included
model

2 (8%) 0 (0%) 2 (29%) 0 (0%) 0 (0%)

1 Values are n (%) of models unless stated otherwise. Table 5 presents a more detailed summary of the key characteristics of each model.
Additional details on the specific nutrients and food components included in each model and on the specific types of reference amounts and other
evaluation units used in each model can be found in Supplemental Table 4 and Supplemental Table 5. Abbreviations used: max, maximum; min,
minimum; N/A, not applicable.
2 Major food categories represented the first and sometimes only level of categories described in a model. In some models,� 1 major category was

subdivided into subcategories. In a few cases, � 1 subcategory was further subdivided into sub-subcategories (e.g., Zambia Good Food Logo, model
no. 499, in which the major category of fruits and vegetables includes 4 subcategories and one of these also includes 2 sub-subcategories).
3 Also implies food components.
4 Nutrients are listed in descending order of the proportion of models that include them. Alphabetical order was used when proportions were

equal; therefore, the number of nutrients listed may be > 3. N/A was used when the number of models evaluated was equal to 1.
5 Reference amounts and other evaluation units are listed in descending order of the proportion of models that include them. Alphabetical order

was used when proportions were equal; therefore, the number of reference amounts/units listed may be > 3. N/A was used when the number of
models evaluated was equal to 1.
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because they represented adaptations from at least one other
existing model that had previously been validated. Within the 11
models (42%) for which some degree of validity testing has been
identified, 10models were classified as having “limited” validity,
meaning that information was found on only 1 or 2 forms of less
robust validity testing (e.g., face validity with consumers and/or
content validity with experts), regardless of whether the model
may or may not have been based on other models. In fact, 8 of
1511
these 10 models (80%) with “limited” validity were based on at
least one other NP model. Content validity was the most frequent
form reported, and it had primarily been conducted by applying
a model to a nationally generated list of food products (e.g.,
100–200 foods frequently marketed to children) to be analyzed
and commented on by food or nutrition experts in order to
identify potential practical problems and/or by holding technical
meetings with experts to discuss the models’ components (i.e.,
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TABLE 5
Summary characteristics of the 26 included NP models1

Model
number

Model name Type of
model2

Output3 Category
level(s) at
which
nutrient
criteria are
applied4

Number of
food
categories
with
nutrient
criteria5

Model
including only
nutrients/food
components to
limit (A) or
nutrients/food
components to
limit and to
encourage (B)6

Number/type
of nutrients
and food
components
may vary
across the
model's food
categories/
type of food
product
evaluated (Y/
N)

Total
nutrients/
food
components to
limit7

To
nu s/
foo
com ents
to
enc ge7

Type of reference amount/unit considered

Per
100 g
and/or
per
100 ml

Per
419 kJ
(i.e.,
100
kcal)
or % of
energy

Per
serving

Other
reference
amount or
unit8

Front-of-pack food labeling (n ¼ 17)
506 Brazil Warning Labels B A Major 2 A N 3 0 Y — — —

501 Brunei Healthier
Choice Logo

C A Sub & sub-
sub

84 B Y 9 3 Y — Y Y

414 Canada Proposed
Warning Labels

B A Major 3 A N 3 0 — — Y Y

496 Croatia Healthy
Living Mark

A A Sub & sub-
sub

50 B Y 10 4 Y — — Y

213 India Proposed
Nutrient Profile
Model

C A Major, sub
& sub-sub

34 A Y 4 0 Y — — —

503 Iran Traffic Light
Labelling System

B A Major 2 A N 4 0 Y — Y —

485 Israel Green Label A A Major &
sub

23 A Y 5 0 Y — — —

221 Israel Red Warning
Labels

B A Major 2 A N 3 0 Y — — —

511 Saudi Arabia
Proposed Traffic Light
Labelling System

B A Major 2 A N 4 0 Y — — —

502 Malaysia Healthier
Choice Logo

A A Sub 47 B Y 4 16 Y — — Y

445 Mexican Warning
Labels (Nutrisello)

B A Sub 6 - 39 A Y 7 0 Y Y — Y

483 Peru Warning Labels B A Major 2 A N 4 0 Y — — —

504 Sri Lanka Traffic Light
Labelling System

B A Major 2 A N 3 0 Y — — —

515 Thailand Healthier
Choice Logo

A C Major, sub
& sub-sub

27 B Y 7 4 Y Y Y Y

512 Tunisia Health Logo A A Major &
sub

22 10 B Y 9 5 Y Y Y Y

484 Uruguay Warning
Labels

B A Major 1 A N 4 0 Y Y — —

499 A A 40 B Y 6 7 Y Y — Y

(continued on next page)
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TABLE 5 (continued )

Model
number

Model name Type of
model2

Output3 Category
level(s) at
which
nutrient
criteria are
applied4

Number of
food
categories
with
nutrient
criteria5

Model
including only
nutrients/food
components to
limit (A) or
nutrients/food
components to
limit and to
encourage (B)6

Number/type
of nutrients
and food
components
may vary
across the
model's food
categories/
type of food
product
evaluated (Y/
N)

Total
nutrients/
food
components to
limit7

Tot
nut s/
foo
com ents
to
enc ge7

Type of reference amount/unit considered

Per
100 g
and/or
per
100 ml

Per
419 kJ
(i.e.,
100
kcal)
or % of
energy

Per
serving

Other
reference
amount or
unit8

Zambia Good Food
Logo

Major, sub
& sub-sub

Restriction of marketing to children (n ¼ 7)
415 Canada Proposed

Nutrient Profile
Model for Marketing
to Children

A A Major 2 A N 4 0 Y Y Y Y

481 Taiwan
Recommendations on
Sugar, Fat, Saturated
fatty acids

A A Major 1 A N 4 0 — Y Y —

333 WHO Nutrient Profile
Model for the Eastern
Mediterranean
Regional Office
(WHO-EMRO)

A A Major &
sub

22 A Y 8 0 Y — — —

336 WHO Nutrient Profile
Model for the South-
East Asia Regional
Office (WHO-SEARO)

A A Major &
sub

25 A Y 8 0 Y — — Y

516 WHO Nutrient Profile
Model for the African
Region

A A Major &
sub

25 A Y 8 0 Y — — Y

477 Samoa Nutrient
Profile System for
Identifying Healthier
and Less Healthy Food
Options

A A Major 5 A Y 4 0 Y — — —

296 Sri Lanka Nutrient
Profile Model

A A Major &
Sub

29 A Y 8 0 Y — — Y

Regulations of claims (e.g., health and/or nutrients) (n ¼ 1)
513 B A Major 2 B N 6 2 Y Y — —

(continued on next page)
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TABLE 5 (continued )

Model
number

Model name Type of
model2

Output3 Category
level(s) at
which
nutrient
criteria are
applied4

Number of
food
categories
with
nutrient
criteria5

Model
including only
nutrients/food
components to
limit (A) or
nutrients/food
components to
limit and to
encourage (B)6

Number/type
of nutrients
and food
components
may vary
across the
model's food
categories/
type of food
product
evaluated (Y/
N)

Total
nutrients/
food
components to
limit7

Total
nutrients/
food
components
to
encourage7

Type of reference amount/unit considered

Per
100 g
and/or
per
100 ml

Per
419 kJ
(i.e.,
100
kcal)
or % of
energy

Per
serving

Other
reference
amount or
unit8

Tunisia Nutrient
Content Claims

Consumer education (n ¼ 1)
451 Slovenia Traffic Light

System
B A Major 2 B Y 4 1 Y — — —

1 Abbreviations used: N, No; NP, Nutrient Profile; Sub, subcategory; sub-sub, sub-subcategory; Y, Yes.
2 A, summary indicator system; B, nutrient-specific system; C, a combination of both.
3 A, classification; B, score; C, a combination of both.
4 Major, sub-, or sub-subcategory level. Major food categories represented the first and sometimes only level of categories described in a model. In somemodels, a major category was subdivided

into subcategories. In a few cases, a subcategory was further subdivided into sub-subcategories (e.g., Zambia Good Food Logo, no. 499, in which the major category of Source of Carbohydrates
includes 8 subcategories and one of these also includes 3 sub-subcategories). It should be noted that certain models included “exempted” and/or “excluded” foods within their list of food
categories, whereas other models did not and therefore presented “exempted” and/or “excluded” foods separately.
5 It should be noted that certain models established nutrient criteria at the major, subcategory, and/or sub-subcategory levels. As such, the number of food categories at any level may not

correspond to the number of food categories with nutrient criteria. Although the term “nutrient” criteria is used, the data presented here may include nutrient-based and/or food-based criteria
because certain models provided a combination of nutrient-based and/or food-based criteria for all or a selection of food categories.
6 None of the included models considered only nutrients and food components to encourage.
7 Total excludes optional nutrients and food components that can be considered as part of some models but that are not mandatory. Details on the specific nutrients and food components

considered in each model are provided in Supplemental Table 4.
8 Details on the other possible reference amounts/units for each model are provided in Supplemental Table 5. These may include, e.g., the evaluation of some nutrients or food components in

terms of other prespecified amounts (in g or mL; e.g., per 250 mL), % of total fat, % daily value or reference daily intake, % weight/quantity of a component in a product (e.g., % fruit content) or
the presence (or absence) of a nutrient or food component in a product (e.g., no added sweeteners).
9 The number of categories depends on the regulation's different phases of implementation. Phases 1 and 2 include 6 categories, while Phase 3 includes 3 categories.
10 Model no. 69: 1 category; Model no. 333: 22 categories.
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TABLE 6
Information on validity testing for the 26 included NP models1

Model
number

Model name Some degree of
validity testing
identified (Y/
Limited/Indirect/N)2

Comments

Front-of-pack food labeling (n ¼ 17)
506 Brazil Warning Labels N Not identified
501 Brunei Healthier

Choice Logo
N Not identified

414 Canada Proposed
Warning Labels

Limited Limited (face validity)—In December 2016, Health Canada indicated that they had conducted focus groups to test some elements of their front-
of-pack (FOP) proposal, namely the symbol design, size, and location, with 14 groups in 6 cities across Canada. The purpose was to assess how
consumers understand and use the range of proposed nutrition symbols. In September 2017, Health Canada also hosted a 1-d meeting with
stakeholders and experts to discuss FOP labeling evidence and options for the nutrition symbol design (https://gazette.gc.ca/rp-pr/p1/2018/
2018-02-10/html/reg2-eng.html). These nutrition symbols are not shown in the proposed regulations; however, once selected, one nutrition
symbol will be included in the final regulations that will be published in Canada Gazette, Part II, and will be inserted directly in the Food and
Drug Regulations. The final symbol will be chosen based on the feedback from consultations and the outcomes of consumer research (https://
www.canada.ca/en/health-canada/programs/consultation-front-of-package-nutrition-labelling-cgi/summary-of-proposed-amendments.
html#shr-pg0).

496 Croatia Healthy
Living Mark

N Not identified

213 India Proposed
Nutrient Profile
Model

N Not identified

503 Iran Traffic Light
Labelling System

Indirect Indirectly, since this model is based on the Traffic Light Labelling system from the United Kingdom (no. 41 in Labont�e et al. [4]), which is
validated.

485 Israel Green Label Limited Limited (content validity). A scientific committee (independent from the industry) was made up of leading nutrition and medical professionals
from academia and the healthcare system and personnel of the Food Control Services and the Nutrition Division of the Ministry of Health to
build the core principles and criteria behind the label. Several consultations were held, including consultations with international experts, and
several meetings were also held, including one with representatives of the committee, public health experts from a medical association and
academia, civil society organizations, and the food industry. Gillon-Keren et al. [22] indicates that "an evaluation plan is needed to assess the
degree of acceptance of the positive front-of-pack labeling (FOPL) by the industry, retailers, and the public, and its impact on food consumption
and on public health" (p. 10), suggesting that further validation of the model will likely be conducted in the future.

221 Israel Red Warning
Labels

Limited Limited (content validity) - According to Jones et al. [32], the government has led a consultation process that included input from independent
food and nutrition experts and the food industry. Israel's Ministry of Health proposed to hold an evaluation with independent academics and also
planned to obtain future sales data in order to assess the model's predictive validity.

511 Saudi Arabia
Proposed Traffic Light
Labelling System

Indirect Indirectly, since this model is partly based on the Traffic Light Labelling system from the United Kingdom (no. 41 in Labont�e et al. [4]), which is
validated.

502 Malaysia Healthier
Choice Logo

Indirect Indirectly, since this model is based on several other models, some of which were found to be validated (Choices, no. 53, and WHO nutrient
profile model for the Western Pacific Regional Office (WHO-WPRO), no. 334 in Labont�e et al. [4]).

445 Mexican Warning
Labels (Nutrisello)

N Not identified

483 Peru Warning Labels Limited Limited (face validity) - A qualitative research study was apparently conducted through focus groups by the Ministry of Health with adolescents
and parents in order to build the Manual on AdvertisingWarnings. However, details on this study were not found when searches were conducted
on the Ministry website (https://www.gob.pe/minsa). Also, this model was based on other models, of which no. 388 from Labont�e et al. [4]
(PAHO nutrient profile model by the WHO Regional Office for the Americas) was found to be validated.

504 Sri Lanka Traffic Light
Labelling System

N Not identified

515 Thailand Healthier
Choice Logo

N Not identified

512 Tunisia Health Logo Indirect

(continued on next page)
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TABLE 6 (continued )

Model
number

Model name Some degree of
validity testing
identified (Y/
Limited/Indirect/N)2

Comments

Indirectly, since this model is based on other models which were found to be validated (SAIN-LIM, no. 69 in Labont�e et al. [4]) or indirectly
validated (World Health Organization Nutrient Profile Model for the Eastern Mediterranean Regional Office, no. 333 in the current review).

484 Uruguay Warning
Labels

N Not identified

499 Zambia Good Food
Logo

Limited Limited (content validity) - The present model is an adapted version of a validated model (Choices, no. 53 in Labont�e et al. [4]). Also, this model
was developed following extensive collaboration with technical experts from the National Food and Nutrition Commission Zambia Bureau of
Standards and Choices International. The nutrition criteria were based on international dietary guidelines from the World Health Organization
and adapted to the Zambian nutrition context.

Restriction of marketing to children (n ¼ 7)
415 Canada Proposed

Nutrient Profile
Model for Marketing
to Children

Limited Limited (face validity) - Health Canada has conducted focus groups and consultations with stakeholders. However, the validation/review
process was not completed yet as of June 2021. A final version of the proposed model and an implementation date are expected to be available,
possibly in the upcoming year. Moreover, the draft model version 1.0 (2018 unpublished, received by the authors) was also applied to a
Canadian food database in order to verify the relevance of the model in the actual Canadian market. The results highlighted the importance of
introducing federal regulations for the restriction of marketing to children in Canada and the importance of including marketing on product
packaging in the regulatory scope [47]. Also, this model was based on several other models which were found to be validated (Ofcom, no. 5;
WHO Regional Office for Europe nutrient profile model (WHO-EURO), no. 335; PAHO nutrient profile model, no. 388 in Labont�e et al. [4].)

481 Taiwan
Recommendations on
Sugar, Fat, Saturated
fatty acids

N Not identified

333 WHO Nutrient Profile
Model for the Eastern
Mediterranean
Regional Office
(WHO-EMRO)

Limited Limited (content validity) - The present model is an adapted version of the validated model no. 335 (WHO Regional Office for Europe nutrient
profile model (WHO-EURO)) included in Labont�e et al. [4], and its regional adaptation consisted of a multi-step process. The first step was a field
testing with 7 countries (Bahrain, Islamic Republic of Iran, Kuwait, Lebanon, Morocco, Oman, and Tunisia) by applying themodel to a nationally
generated list of 100–200 foods that are either frequently marketed to children or commonly consumed by children. Countries commented on
various aspects, including food categories, nutrient thresholds, exclusions, and prohibitions. Adaptations included modifying and adding
categories, nutrient thresholds, and sample/reference foods relevant for the Region. Though several adaptations were made, the draft model
that was developed remained very similar to the European model.

336 WHO Nutrient Profile
Model for the South-
East Asia Regional
Office (WHO-SEARO)

Limited Limited (content validity) - The present model is an adapted version of the validated models no. 335 (WHO Regional Office for Europe nutrient
profile model (WHO-EURO)) and no. 334 (WHO nutrient profile model for the Western Pacific Regional Office (WHO-WPRO)) included in
Labont�e et al. [4], and its regional adaptation consisted of a three-step process. The first step was a pilot testing of the draft model with 5
countries by applying the model to a nationally generated list of 100–200 foods that are either frequently marketed to children or commonly
consumed by children. Countries commented on various aspects, including food categories, nutrient thresholds, exclusions, and prohibitions,
and confirmed that foods categorized by the model are in line with national food-based dietary guidelines. The second step included a technical
meeting with experts and country participants involved in the first step. The results of the field testing of the draft nutrient profile model were
analyzed and reviewed. The recommendations and directions that were received from experts and country participants have been considered in
the final model. The third step involved a consolidation of Member States’ comments, viewpoints, and specific requests to then review and
finalize the model.

516 WHO Nutrient Profile
Model for the African
Region

Limited Limited (content validity). The model is based on model no. 336 (WHO Nutrient Profile Model for the South-East Asia Regional Office (WHO-
SEARO)) included in the current review, which is itself based on validated model no. 335 (WHO Regional Office for Europe nutrient profile
model (WHO-EURO)) and no. 334 (WHO nutrient profile model for the Western Pacific Regional Office (WHO-WPRO)) included in Labont�e
et al. [4]. It has been pilot-tested in 9 countries with a list of 100 to 200 foods that are marketed to and/or commonly consumed by children in
the country. Then, a regional consultation was held with experts from these 9 countries to review and finalize the model.

477 Samoa Nutrient
Profiling System for
Identifying Healthier
and Less Healthy Food
Options

Y Validated in terms of content and convergent (construct) validity. Agreement between the current model and other well-known models (e.g.,
World Health Organization’s Nutrient Profile Model for the Western Pacific Region, no. 334 in Labont�e et al. [4]) was assessed to determine
whether the model was appropriately restrictive. Then, the proposed thresholds were tested in a food composition database to examine whether
they targeted "discretionary foods." As described in Reeve et al. [52], consultations with experts and stakeholders also took place.
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TABLE 6 (continued )

Model
number

Model name Some degree of
validity testing
identified (Y/
Limited/Indirect/N)2

Comments

296 Sri Lanka Nutrient
Profile Model

Limited Limited (content validity) - The present model is an adapted version of model no. 336 (WHO Nutrient Profile Model for the South-East Asia
Regional Office (WHO-SEARO)) included in the current review, which is itself based on validated model no. 335 (WHO Regional Office for
Europe nutrient profile model (WHO-EURO)) and no. 334 (WHO nutrient profile model for the Western Pacific Regional Office (WHO-WPRO))
included in Labont�e et al. [4]. This Sri Lankan adaptation [53] consisted of a multi-step process. According to the model's source reference (p. 6),
its adaptation "involved a series of consultative meetings and workshops with content and context specialists and stakeholders from the health
and non-health sectors, including the Ceylon Chamber of Commerce and other relevant food industries. The model was concluded considering
the concerns and suggestions of all stakeholders."

Regulations of claims (e.g., health and/or nutrients) (n ¼ 1)
513 Tunisia Nutrient

Content Claims
N Not identified

Consumer education (n ¼ 1)
451 Slovenia Traffic Light

System
Indirect Indirectly, since this model is based on another model that was found to be validated (Traffic Light Labelling system, no. 41 in Labont�e et al. [4]).

1 Abbreviations used: N, No; Y, Yes.
2 Definitions used for validity testing: YES means that information on multiple forms of validity testing was found for a given model, including at least one of the following more robust forms of

validity testing: convergent or criterion-related validity. LIMITED indicates that information was found on only one or 2 forms of less robust validity testing for a given model (e.g., face validity
with consumers and/or content validity with experts), regardless of whether the model may or may not have been based on other models. INDIRECT means that no specific information was found
on the validity testing of a given model, but this model is, however, based on other model(s) that have previously been validated. NO indicates that information on the validation of a given model
or of a model(s) on which this model is based could not be identified. Additional note: Different authors use either the term construct validity or the term convergent validity to describe similar
forms of validation. Both terms are, therefore, used in combination in the current table.
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ence content behind the model). Only one model (Samoa
Nutrient Profiling System for Identifying Healthier and Less
Healthy Food Options, no. 477) has also been assessed for
construct validity. More specifically, agreement between this
model and other well-known models was assessed to determine
whether the model was appropriately restrictive. Of note,
criterion-related validity, considered the most robust form of NP
model validation, was not identified in any of the included
models. Also, out of the 7 models primarily built for restricting
food marketing to children, 86% (n ¼ 6) were found to have at
least a minimal degree of validity testing, compared with only
29% (n ¼ 5) of the models primarily built for FOP food labeling
(Table 4).

Conclusions

The overall aim of the current systematic review was to up-
date a systematic review initially conducted by Labont�e et al. in
2016 and published in 2018 [4], which aimed to retrieve NP
models that have been developed or endorsed by authoritative
bodies worldwide for use in government-led nutrition-related
policies and regulations aimed at health promotion and NCD
prevention.

Twenty-six new NPmodels have been retrieved from searches
covering a 4-y period. The current review also shows that NP
models have now been developed in countries and regions where
no models were found in the previous systematic review (e.g.,
Iran Traffic Light Labeling System, no. 503, or Zambia Good
Food Logo, no. 499). Such observations confirm that the field of
nutrient profiling is in constant evolution worldwide and,
therefore, reinforce the importance of having performed an up-
date of the systematic review conducted by Labont�e et al. [4] in
2016.

Interestingly, close to a quarter of the included models (n¼ 6,
23%; no. 213, 221, 296, 333, 336, and 515, the latter which
replaced no. 302) originated from the reassessment of models
that had previously been excluded from Labont�e et al. [4] due to
a lack of information available at that time. This suggests that
building on previous work is highly relevant and crucial when
conducting an update and that some models would have been
missed if they had not been reassessed to verify whether infor-
mation about them was now available.

The current review also shows an increase in the proportion
of included NP models deriving from at least 1 other existing
model compared with the previous systematic review [4] (i.e.,
58% vs. 44%, respectively). This suggests that government
bodies appear to increasingly put into practice the WHO’s
recommendation to adopt or adapt existing models instead of
building entirely new models, therefore limiting the possibility
of inconsistencies between models, which can create confusion
among users of NP models [61].

A lower variety of primary applications was identified for the
NP models included in this review in comparison with the pre-
vious review (4 vs. 12, respectively). This might be explained, at
least in part, by the fact that the current review comprised a
lower absolute number of included models than the previous one
(i.e., 26 vs. 78, respectively). It is also interesting to note that
close to two-thirds (i.e., 65%) of models included in the current
review were built for the same primary application, namely FOP
1518
food labeling. This proportion is much higher than the 15% of
models (n ¼ 12/78) built for FOP food labeling observed in the
review by Labont�e et al. [4], in which the most frequent primary
application was school food (n ¼ 27/78, 35%). This could be
explained by the fact that the implementation of food labeling
policies has become a key priority for several government bodies
in recent years [5, 62, 63]. The second most predominant pri-
mary application in the current review, representing 27% of the
included models, was the restriction of food and beverage mar-
keting to children. Again, this proportion is twice as high as the
one observed in Labont�e et al. [4], at 13%. This suggests that
protecting children from food marketing practices remains a
critical topic for government bodies worldwide, particularly in
recent years with the increase of food marketing in digital media
[64, 65].

As previously observed by Labont�e et al. [4], the number of
food categories comprising nutrient criteria varied widely from
one model to another, ranging from only one category (i.e., Food
and Drink) in the Taiwan Recommendations on Sugar, Fat, and
Saturated fatty acids (no. 481) to 84 categories in the Brunei
Healthier Choice Logo (no. 501). FOP food labeling remained, as
in Labont�e et al. [4], the primary application for which the
variation in the number of food categories was the highest.
Although NP models with a high number of food categories
might allow a better consideration of the varying nutritional
composition of different food products, the implementation of
such models might be more complex. More time and expertise
are likely required to apply these models properly compared
with the application of a single algorithm to any type of food.
However, as mentioned by Sacks et al. [2], the use of several food
categories is particularly helpful when the intent is to identify
the “healthier” options within the same category (e.g.,
comparing coated vs. uncoated granola bars), which is
frequently the aim of FOP food labeling, whereas a lower number
of categories might be more relevant when a NP model is aimed
at comparing different foods across a wide variety of products
available to consumers, in the context of broader nutrition
education.

As was also the case in Labont�e et al. [4], the current review
shows that all included NP models comprise nutrients to limit in
their algorithm, with the top 3 nutrients to limit still being so-
dium, saturated fat, and total sugars. This is in line with dietary
recommendations from many countries, which specifically
consider these as the 3 main nutrients of public health concern
[5, 66–68]. However, although the systematic review by Labont�e
et al. [4] showed that 86% of the included models comprised
nutrients or food components to encourage in their algorithm,
less than a third (i.e., 31%) of models included in the current
review comprised such nutrients. This could be explained by the
most prominent primary application of NP models identified in
the current review, namely FOP food labeling. Indeed, this type
of nutrition-related policy frequently aims to restrict the con-
sumption of less nutritious food products, as opposed to
encouraging the consumption of more nutritious, nutrient-dense
foods, which might be more typically put forward in policies
about food offered in public settings such as schools. This is
actually supported by the observation that the proportion of
nutrient-specific systems typically targeting foods high in nutri-
ents to limit (such as sugars, salt, or saturated fat), without taking
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beneficial nutrients into account, has highly increased in recent
years within models built for FOP food labeling (i.e., 53% in the
current review vs. 25% in the previous one). Similar to Labont�e
et al. [4], fiber and protein were within the top beneficial nu-
trients found in NP models that did include nutrients to
encourage. However, the current review shows a shift toward
calcium and iron within the top nutrients to encourage. Low
dietary calcium intake is an identified risk factor for osteopo-
rosis, which affects 1 in 3 women and 1 in 5 men over the age of
50 worldwide [69]. Given the aging of the population globally,
calcium is likely becoming amicronutrient of increasingly higher
public health concern. Regarding iron, its deficiency is one of the
most common causes of anemia [70]. Worldwide, 42% of chil-
dren less than 5 y of age and 40% of pregnant women are
considered anemic [70]. This could potentially explain the in-
terest in this micronutrient in new NP models. However, another
possible explanation for the fact that calcium and iron were not
necessarily included in previously identified models is that the
inclusion of protein has often been used as a “proxy” for calcium
and iron content, given its widespread presence in many juris-
dictions’ nutrition facts table or nutrition information panel
[71].

NP models are considered measurement tools and, therefore,
need to be validated before being used in a specific target pop-
ulation [58, 59, 61, 72]. Again, similar to Labont�e et al. [4],
information on the validity of specific NP models could not be
identified for over half of the models (i.e., 58%). Such observa-
tion does not necessarily mean that these models have never
been validated. Given that the systematic review did not pri-
marily focus on the validation of NP models, information on the
validity testing of a model could be available in a publication
that was not captured in our literature searches. Within models
for which at least 1 form of validity testing has been identified,
content validity conducted through expert consultations or
through tests in a list of nationally representative foods analyzed
by experts was the most common form reported, as opposed to
construct (convergent) validity in the previous review by Lab-
ont�e et al. [4]. This observation is somewhat surprising given
that content validity represents a less robust form of validation
than construct (convergent) validity [58–60]. This could be
explained by the fact that in the current review, a higher pro-
portion of new NP models was derived from other existing
models that were already validated. Still, even if new NP
models mostly represent adaptations of previously validated
models, construct (convergent) validity testing, as well as
criterion-related validity testing of such models, should be con-
ducted in their target populations to support their use more
efficiently.

The same limitations as those already described in the review
by Labont�e et al. [4] essentially apply to the current systematic
review. These are nevertheless briefly summarized below. First,
nutrient profiling is a rapidly growing and evolving field, and
new NP models or adaptations to existing models can be pub-
lished at almost any time. As previously mentioned by Labont�e
et al. [4], given the considerable time and resources required to
identify NP models, assess their eligibility, and then extract and
summarize their characteristics, keeping this systematic review
entirely up to date is quite utopic. This review included 26 new
NP models identified in a 4-y period ranging from 2016 to 2020;
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we can surely expect that other NP models have been developed
since then.

Another limitation was that a single model could carry mul-
tiple names depending on the author or the publication in which
it was found. To avoid missing some models, a precautionary
approach was taken in which all models identified during the
full-text assessment stage were first recorded separately into a
list of potential models, even when some names were only very
slightly different (e.g., 5-Colors vs. 5-CNL). Consultation of the
source references of each potential model then allowed us to
determine whether models with slightly different names were
really different or simply the same model.

A third limitation is that the searches have been conducted in
only one database of the grey literature in the current review, as
opposed to 15 grey literature databases in the original review.
This difference is primarily due to the fact that both reviews were
not conducted in the same academic institution and that the
institution in which the current review has been conducted does
not provide access to many of the databases available in the
other institution. To overcome this limit, the current review was,
however, conducted in a higher number of databases of the peer-
reviewed literature. Finally, the use of a low number of search
terms in the literature searches might have contributed to the
late identification of many additional potential models through
online searches made during the eligibility assessment stage.
This suggests that the search terms used might not have been
precise enough to capture all of the possible applications of NP
models, such as food labeling, food marketing, regulation of
claims, school food, taxation, etc. The terms used in searches
made in the peer-reviewed literature were nevertheless the same
as in Labont�e et al. [4], which ensures coherence between both
reviews. Still, precising the search terms and, therefore,
including search terms related to the most common applications
of NP models would be highly relevant as part of eventual new
updates.

In conclusion, this systematic review showed that the number
of NP models developed or endorsed by authoritative bodies
worldwide for applications in government-led nutrition-related
policies aimed at health promotion and chronic disease preven-
tion has kept growing throughout the years. Compared with the
previous review conducted by Labont�e et al. [4], there has been
an increase in the number of NPmodels built in Asia, followed by
the Americas, in addition to a shift toward NP models primarily
built for FOP food labeling, followed by the restriction of food
and beverage marketing to children. There has also been an in-
crease in the proportion of new models that have a
nutrient-specific rating system and that are adapted from at least
one other existing model. As in Labont�e et al. [4], all models
include nutrients to limit in their algorithm, with sodium, satu-
rated fat, and total sugars remaining the most frequently
considered. The proportion of models that include nutrients or
food components to encourage has, however, decreased sub-
stantially in recent years. Finally, over half of the included
models had no information about their validity testing emerging
from the retrieved publications. As NP models are increasingly
used worldwide to support nutrition-related policies or regula-
tions, this up-to-date resource proves to be unique and highly
valuable for assisting users of NP models, such as researchers,
health professionals, and policymakers, in the comparison and
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selection of models, so that these users can ultimately use models
that are tailored to their needs. Given the high rate of prolifer-
ation of NP models, the creation of an online registry or database
where groups could register their NP models should also be
considered as a more practical future avenue.
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