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Nutrient profile (NP) models, tools used to rate or evaluate the nutritional quality of foods, are increasingly used by government bodies worldwide
to underpin nutrition-related policies. An up-to-date and accessible list of existing NP models is currently unavailable to support their adoption
or adaptation in different jurisdictions. This study used a systematic approach to develop a global resource that summarizes key characteristics of
NP models with applications in government-led nutrition policies. NP models were identified from an unpublished WHO catalog of NP models
last updated in 2012 and from searches conducted in different databases of the peer-reviewed (n = 3; e.g,, PubMed) and gray literature (n = 15).
Included models had to meet the following inclusion criteria (selected) as of 22 December 2016: 1) developed or endorsed by governmental or
intergovernmental organizations, 2) allow for the evaluation of individual food items, and 3) have publicly available nutritional criteria. A total of
387 potential NP models were identified, including n = 361 from the full-text assessment of >600 publications and n = 26 exclusively from the
catalog. Seventy-eight models were included. Most (73%) were introduced within the past 10 y, and 44% represent adaptations of >1 previously
built model. Models were primarily built for school food standards or guidelines (n = 27), food labeling (e.g., front-of-pack; n = 12), and restriction of
the marketing of food products to children (n = 10). All models consider nutrients to limit, with sodium, saturated fatty acids, and total sugars being
included most frequently; and 86% also consider >1 nutrient to encourage (e.g., fiber). No information on validity testing could be identified for
58% of the models. Given the proliferation of NP models worldwide, this new resource will be highly valuable for assisting health professionals and
policymakers in the selection of an appropriate model when the establishment of nutrition-related policies requires the use of nutrient profiling.
Adv Nutr 2018;9:741-788.
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Introduction

Worldwide, authoritative bodies increasingly recognize the
value of the use of objective, transparent, and reproducible
methods to evaluate the nutritional quality of foods and
nonalcoholic beverages (henceforth foods) to support a vast
array of nutrition-related policies (1-4). Nutrient profiling,
defined by the WHO as “the science of classifying or ranking
foods according to their nutritional composition for reasons
related to preventing disease and promoting health” (5, 6),
aims to meet this need. Nutrient profile (NP) models utilize
algorithms that take into consideration the amounts or the
presence of nutrients and other related food components
(e.g., whole grain) in a food product to characterize its degree

of “healthfulness” through either numerical scores (e.g., from
1 to 100, where 100 represents the highest nutritional quality)
or more qualitative classifications (e.g., eligible/not eligible to
carry a logo designating a “better-for-you” product) (7).
Although NP models characterize foods as opposed to
diets, they represent a way to improve dietary choices,
and hence overall dietary patterns, through a variety of
applications in the field of public health (1). Such applications
include, but are not limited to, the underpinning of food
labeling schemes [e.g., voluntary or mandatory front-of-
pack (FOP) nutrition labeling schemes to assist consumers
in their food-selection decisions], the regulation of health
and nutrition claims (e.g., to identify which food products
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are eligible to carry a specific claim), restrictions on the
commercial marketing of unhealthy foods and beverages
to children, food procurement regulations or food qual-
ity standards for public institutions (e.g., schools, health
facilities, government facilities), the underpinning of food
taxes or subsidies for producers, manufacturers, retailers, or
consumers, and nutritional surveillance (i.e., evaluation of
changes across time in the nutritional quality of the food
supply in a given population) (2-4).

A draft catalog of existing NP models and its accom-
panying report prepared by Mike Rayner and colleagues,
which was last updated in November 2012, indicated that
NP models are increasingly being developed worldwide
[Nutrient Profiling Catalogue of Nutrient Profile Models:
Summary Report; 4 March, 2013 (unpublished report pre-
pared for the WHO); hereafter cited as draft catalog (2013);
available from one of the authors (MR) upon request]. When
compared with a review of NP models published 5 y earlier
(8) using the same inclusion criteria, 28 new models were
included in the draft catalog (2013). However, the authors
stressed that the proliferation of NP models can “lead to
confusion, inconsistencies between models, and possibly
loss of credibility for nutrient profiling with regulators,
consumers and researchers.” Given these risks associated
with the proliferation of NP models and the time and cost
constraints associated with the development and validation
of a new model, it is now highly recommended to either
adopt or adapt an existing model, ideally one developed
by an authoritative body (4, 6). However, an up-to-date,
accessible, and global resource summarizing existing NP
models is currently unavailable for assisting policymakers in
the selection of a model that is appropriate for the use for
which it is intended.

The overall aim of this systematic review was therefore
to develop such a resource that identifies NP models built
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Step 1:

Building on the draft catalog (2013) of NP
models previously built by one of the authors for
the WHO as a starting point to identify existing NP

models (years 2008 to 2012)

J

Step 2:

Identifying publications relevant to the topic of
nutrient profiling as part of systematic searches (years
2008 to 2016) of: 1) the peer-reviewed literature

and 2) the gray literature

Step 3:
Identifying new potential NP models from
publications retrieved in the peer-reviewed and
gray literature

v

Step 4:
Assessing the eligibility of all potential NP models
identified from the catalog and from the literature
searches, according to predefined criteria

v

Step 5:
Extracting the characteristics and components of all
NP models retained for inclusion

FIGURE 1 Steps of the systematic review. NP, nutrient profile.

in the context of government-led nutrition policies and
summarizes their key characteristics. We hypothesized that
the number of existing NP models developed by authoritative
bodies worldwide has increased since the last review con-
ducted in November 2012 [draft catalog (2013)]. It should
also be noted that recommending one NP model over others
in the context of a given policy is outside the scope of the
present work.

Methods

The present review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (9). The methods of the review were
pre-established in a protocol that has been registered in
PROSPERO (2015: CRD42015024750) (10).

The primary outcome of the systematic review was to
identify NP models that exist worldwide for application
specifically in government-led nutrition-related policies
aimed at health promotion and noncommunicable disease
(NCD) prevention. Briefly, the review was conducted follow-
ing 5 main steps that are described in Figure 1, and further
detailed in what follows after the description of the eligibility
criteria.
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Eligibility criteria

Publication eligibility criteria. The review included any
type of publication (e.g., original research articles, reviews,
government documents, reports, theses, abstracts, and news
articles) that was deemed potentially relevant to nutrient pro-
filing at the screening stage (see the “Publication selection”
subsection) to allow for the identification of the maximum
possible number of potential NP models. With regard to
research articles, there was no restriction on the type of study
design or type of participants eligible for inclusion.

NP model eligibility criteria. The present review included
publicly available NP models developed or endorsed by gov-
ernment bodies for application in nutrition-related policies
at the provincial/state level or higher, which provided an
interpretation of the nutritional quality of individual food
products based on multiple (i.e., >2) nutrients or food
components, and which represented the final version in use
or a draft version proposed for use within the last 3-5y, with
details available in English, French, or Spanish. Inclusion and
exclusion criteria for the NP models are fully described in
Table 1. Further details on the eligibility assessment stage are
also provided in “Step 4: eligibility assessment of all potential
NP models identified.”

Steps of the systematic review

Step 1: Collection of information from a key previous
review of NP models. The research team determined
that the most- efficient approach to identify NP models
would be first to build on the draft catalog of NP models
(2013) previously built by one of the authors (MR; see the
Introduction for more details). A total of 119 models were
identified at that time based on the following: I) information
obtained from 5 reviews of NP models conducted between
the end of the year 2007 and the year 2010 (8, 11-14); 2)
searches carried out in PubMed, Google, and Google Scholar
for articles published since January 2008; 3) information
obtained from key individuals and organizations following
a joint WHO/International Association for the Study of
Obesity technical meeting on nutrient profiling held in
London on 4-6 October 2010; and 4) information from the
developers/owners of included models to ensure accuracy
(summer 2011). The draft catalog included 54 models and
excluded 65 models based on predefined eligibility criteria.
However, because the current eligibility criteria (Table 1)
differed from those used in the catalog, the total of 119
models (i.e., 54 4+ 65) has been used here as the basis for
building a list of potential NP models to be assessed for
eligibility.

Step 2: Identification of publications relevant to nutrient
profiling in the peer-reviewed and gray literature.

Search strategy for the peer-reviewed literature. Searches
were carried out in PubMed, EMBASE, and Scopus to
identify peer-reviewed publications relevant to the topic
of nutrient profiling with the use of the following search
terms: nutrient, nutritional, or nutrition, each preceding the

truncated term profil*. An example of the search strategy
specific to each database is provided as supplementary
data (Supplemental Table 1). Searches were limited to
articles published between January 2008 and 26 May 2016,
corresponding to the date that all 3 electronic databases were
searched by one of the authors (M-EL). The same start date
as the one used to build the draft catalog was retained to
ensure appropriate retrieval of NP models with applications
in government-led nutrition-related policies that were not
necessarily captured in the catalog (e.g., food taxation,
nutritional surveillance). No restriction on language was
imposed during the searches. All search results were exported
to a citation management software [EndNote X6; Clarivate
Analytics (formerly Thomson Reuters)]. The searches were
conducted again in July 2016 (7 July in PubMed, 19 July in
EMBASE, and 21 July in Scopus) independently by a second
author (MA) to ensure complete retrieval of all relevant
articles.

Search strategy for the gray literature. Since valuable
sources of information on NP models developed or endorsed
by government bodies may not necessarily be identified
in the peer-reviewed literature, an extensive search of the
gray literature was conducted following consultation with a
qualified librarian at the University of Toronto, as described
in the study protocol (10). Searches were conducted by one
of the authors (M-EL) in 15 gray literature search tools in-
cluding the PAIS Index, Science.gov, ProQuest Dissertations
& Theses Global, and OpenGrey between 20 July and 3
August 2016. Details on the search strategy used in each gray
literature search tool are provided in Supplemental Table 2.
Whenever possible, searches were carried out with the same
terms and limits developed for the peer-reviewed literature.

In order to check for saturation of the gray literature
search results, brief searches were conducted in addition
in the following tools: OpenDOAR (Repository Contents),
Google custom searches for Canadian documents (Canadian
Government Publications on the Web and Canadian Health
Departments and Agencies), Canadian Research Index, and
a Google search in the European Union Domain (.eu) specif-
ically. A rapid screening of the first 100 results in each tool (if
applicable) led to the observation that only low numbers of
potentially relevant records were retrieved, and that these had
already been identified via the other search tools. As such,
results from these additional searches were not recorded.

Additional publications identified from reference lists or
other sources. Additional publications potentially relevant
to nutrient profiling that were not retrieved as part of the
peer-reviewed and gray literature searches were identified
from the search results included in the full-text assessment
stage (e.g., by checking the reference lists; see “Step 3:
identification of new potential NP models from retained
publications” for more details on full-text assessment). Some
additional publications were also identified from other
sources, consisting of personal communications received
by the authors or news articles included in daily e-mail
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TABLE 1 Criteria used for the eligibility assessment of all potential NP models identified’

Inclusion criteria

Exclusion criteria

A

Models allowing for the classification or categorization of individual
foods

Models integrating data from >1 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 with a food focus that also use criteria based on nutrients and
other food components

Models in which the output (score or classification) includes at least a
modest interpretative element

Models developed or endorsed? by governmental or
intergovernmental organizations and having applications in
government-led nutrition policy and regulation, including, but not
limited to the following:

-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

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)

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

Final versions of models that are currently in use or draft models that
have been proposed for use within the last 3-5y
Models that do not duplicate information included previously

Full details of the model are available in English, French, or Spanish

N/A

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

Models in which only a single nutrient or food component is used, as
focusing on only 1 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)

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

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)

Models developed by different types of organizations (e.g., commercial;
nongovernmental; academic) that are not endorsed? 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)

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

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

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

Models duplicating information from another model (e.g., an exact
same model is described in multiple documents, but under slightly
different names)

Full details available in another language than specified in the left
column

“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 NP 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 NP model is used as part of this Code to determine which
foods can or cannot be advertised to children

"Letters are used to indicate the reason(s) for exclusion in the list of excluded models (Supplemental Table 3). DV, Daily Value; GDA, Guideline Daily Amount; N/A, not applicable;
NP, nutrient profile.
2For the purpose of this review, “endorsed” refers to models that are used by governmental or intergovernmental organizations or that are made reference to in government
publications in relation to >1 of the above applications but that were not developed by such organizations.
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newsletters received by the authors before the start of the
eligibility assessment stage of the identified NP models.

Publication selection. Duplicates were removed via End-
Note, primarily based on the title, authors, and year
of each publication. Publications remaining after this
stage were screened for the presence of terms directly
related to nutrient profiling or related to the possi-
ble applications (i.e., purposes) of NP models (e.g., the
terms nutrient, nutritional, nutrition, or food combined
with or close to terms including, but not limited to,
profil*, criter®, scor*, standard*, requirement®, program®,
guideline*, schem®, healthy, healthi*, healthful®, classifica-
tion, advertis*, market*, labeling/labelling, subsid*, tax*,
govern®). Publications containing such terms in their title,
abstract, summary, or table of contents, depending on the
type of document, were retained for further evaluation. Only
the publications that were clearly not relevant to the objective
of the systematic review were excluded at this stage (e.g.,
articles about the nutrient profile of animal food; experimen-
tal studies in animal models; nutrition intervention studies
comparing the impact of different diets on health outcomes;
nutritional profiles of patients with specific diseases, such as
cancer; studies in the field of agriculture, such as comparisons
of the nutrient profile of different varieties of plants or
seeds; government documents on a population’s status for a
specified nutritional factor, such as vitamin D). Two authors
(M-EL and MA) independently conducted the screening of
articles identified from the peer-reviewed literature. Because
of resource and time constraints, only 1 author (M-EL)
performed the screening of publications identified from the
gray literature.

Step 3: Identification of new potential NP models from
retained publications. The full text of all publications
retained after the screening stage was assessed to identify all
potential NP models that were made reference to, described,
tested, or used to answer a specific research question in
a given publication. Any classification or scoring system,
standard, requirement, program, guideline, regulation, leg-
islation, etc., that could potentially include the use of
nutritional criteria to evaluate the nutritional quality of food
products was recorded as a potential NP model. A similar
approach to the one used in the screening stage was adopted
in which the full text of the publications was also searched for
the presence of terms relevant to nutrient profiling to ensure
complete identification of potential NP models.

Given the high number of full texts to review, the large size
of certain documents (e.g., theses), and time constraints, the
total number of publications was split approximately equally
between 2 authors (M-EL and TP). The authors captured
the names of all potential NP models included in each
publication evaluated in order to build a list of models. The
authors then 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. They also assessed whether each potential

NP model corresponded to 1 of the 119 models previously
identified in the draft catalog (2013) or if it corresponded
to a newly identified model. For example, a potential model
named “UK Ofcom marketing restrictions” in the authors’ list
clearly corresponded to the model from the United Kingdom
named “Ofcom model for regulating the marketing of food
to children final version (WXYfm)” in the draft catalog
(2013), and therefore was given the same identifier (model
no.) as in the catalog (i.e., no. 5). For all models that were
not previously identified in the catalog, or if not enough
information was known at this point to determine whether
a model was either a previously identified model or a newly
identified model, a new identifier was given to the model in
preparation for eligibility assessment, starting from no. 128,
which represented the number next to the last identifier given
in the draft catalog (2013).

Step 4: Eligibility assessment of all potential NP models
identified.

Evaluation process. All NP models previously identified
in the draft catalog (2013) and newly identified as part
of the full-text assessment stage were assessed against the
eligibility criteria defined in Table 1. Eligibility assessment
was conducted with the use of information from the catalog
and from the publications retrieved in the literature searches,
supplemented if necessary with information obtained from
online searches about specific models (e.g., on Google or
government websites), or from requests sent to a contact
person in organizations that developed certain models. A
preliminary eligibility assessment of the 119 models from the
catalog was conducted in January-February 2016, before the
literature searches and full-text assessment stage, but final
assessment of these models was conducted within the same
period as for the newly identified models, that is between
9 August and 22 December 2016. Eligibility assessment was
completed independently by 2 authors, more specifically M-
EL and MA for models from the catalog, and M-EL and
TP for models identified from the full-text assessment stage.
Evaluations were then compared and discordances were
resolved by consensus or by involving a third author.

Models that met all eligibility criteria as of 22 December
2016 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 name, the source reference(s), the date
of last access, reason(s) for exclusion, details on reason(s)
for exclusion, and additional information on the model (if
relevant).

Additional NP models identified during the eligibility
assessment stage. Some NP models were identified as part
of the process of determining the eligibility of the models
identified from the catalog and from the full-text assessment
stage, through additional documentation reviewed. A few
other models were also identified from other sources (e.g.,
personal communications or e-mail newsletters) during the
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period that the eligibility assessment process occurred (9
August-22 December 2016). These additional potential NP
models were assessed independently by 2 authors (M-EL and
TP) against the eligibility criteria defined in Table 1.

Step 5: Data extraction. Data on all included NP models
were extracted into a Microsoft Office Excel 2010 Workbook
using fields based on and adapted from those used previously
in the draft catalog (2013). 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.
These fields are further detailed in the review protocol
(10). One of the authors (BG) conducted most of the data
extraction and 3 other authors (TP, BE-A, and M-EL) assisted
in a small proportion of the models. Most of the data were
extracted between 13 October 2016 and 13 February 2017,
although data on 9 of the included models had first been
extracted in May or June 2016 by 1 of the authors (TP) as
a pilot test. Extracted data were also independently verified
between 14 November 2016 and 14 April 2017 by 1 of 2
authors (M-EL or TP) who did not participate in the initial
data extraction of a given model.

In the present article, selected data fields have been
separated into different tables to facilitate data synthesis,
reading, and understandability. Although the article does
not present all of the extracted data, a searchable database
including all possible fields will be made available online
at http://labbelab.utoronto.ca, to provide information and
facilitate comparison of the components and constructs of
different NP models for researchers, health and nutrition
professionals, policymakers, and other knowledge users
interested in nutrient profiling.

Results

Literature search results and publication selection

A total of 3865 records were initially retrieved for the
identification of new potential NP models, of which 2016
records were identified from the 3 databases of the peer-
reviewed literature, 1784 records from the 15 gray literature
search tools, 56 from the reference lists of the publications
for which full-text assessment was conducted, and 9 from
other sources such as personal communications or e-mail
newsletters received by the authors (Figure 2). Of that total,
2658 records remained after the exclusion of duplicates.
However, 2052 records were excluded as part of the screening
process, because they were found to be irrelevant to the topic
of the review. Therefore, the full text of 606 publications was
retrieved for further evaluation.

Identification of NP models and eligibility assessment

The full-text assessment stage permitted the identification
of 342 potential NP models, of which 249 consisted of
newly identified models and 93 were common to the 119
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models from the draft catalog (2013) (Figure 2). Thus, only
26 potential NP models were identified exclusively from
the draft catalog (2013), giving 368 potential NP models
first assessed for eligibility. Nineteen additional potential
NP models were identified during the eligibility assessment
process through additional documentation reviewed, per-
sonal communications, or e-mail newsletters received by the
authors, and were also assessed for eligibility. Of the total
387 potential NP models, 78 met the inclusion criteria. Of
the 309 models that did not meet the inclusion criteria, over
half (n = 164, 53%) were excluded because they were not
developed or endorsed by a government body (Figure 2).
More than one possible reason for exclusion was applicable
to 40% of the excluded models (n = 123). As indicated
previously, supplementary data (Supplemental Table 3)
provide the detailed reason(s) for exclusion, per excluded
model.

Main characteristics of included NP models

Possible applications of NP models. Each included NP
model has been associated with a single primary application,
representing the main purpose for which the model was built.
This was essentially determined based on the model’s name
and on specifications provided in the source reference of the
model (e.g., based on a clear mention of the model’s primary
purpose or, alternatively, based on the model’s main output
or on the order according to which all potential applications
of the model were listed). Figure 3 shows that of 12 possible
primary applications identified, the top 5 consisted of school
food standards/requirements (n = 27, 35%), FOP food
labeling (n = 12, 15%), restriction of marketing to children
(n = 10, 13%), regulation of health or nutrition claims (n =
7, 9%), and food standards/requirements in health facilities
(n =5, 6%). At least 1 additional application was identified
for 37 (47%) of the included models. An additional applica-
tion represented one that was specified in the source docu-
ment of a model in addition to its primary application. The
most common additional applications represented standards
for vending machines in various settings (n = 19), restriction
of marketing to children (n = 6), and reformulation (n =
6). Table 2 provides details on the specific model numbers
associated with each possible application, either primary or
additional.

Characteristics related to the development of NP models.
Table 3 describes the characteristics related to the devel-
opment of each NP model including the model name, the
country and state/province of origin, the type(s) and name(s)
of the organization(s) that developed the model, and the
year of introduction or seminal publication of the model.
Models were primarily listed according to their primary
application and country. Two-thirds of the models originated
from the following countries: United States (n = 19), Canada
(n = 13), Australia (n = 10, of which 2 models were
developed jointly with New Zealand), United Kingdom (n =
5), and international (n = 5; e.g., models by regional offices
of the WHO). Only 4 models (5%) were solely endorsed
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Records identified from literature
searches (n = 3800)

n = 2016 peer-reviewed literature
n = 1784 gray literature

Additional records identified
(n=65)

n = 56 from reference lists
n =9 from other sources

Total records identified
(n = 3865)

Duplicates excluded (n = 1207)

Records screened
(n=2658)

Records excluded (n = 2052)

Not relevant to NP, e.g.:

Full-texts reviewed
(n=606)

-Nutrient profile of animal food;
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profile of different varieties of
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Reasons for exclusion*:

n = 164 Not developed or endorsed by government
n = 57 Details not publicly available/not found

n = 53 Discontinued or never implemented

n = 46 Duplicates of other models

n =41 Only food-based (no nutrient criteria)

n = 34 Meant for combination of foods (meals)
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n =15 Output lacks interpretative element

n =13 Only a single nutrient considered

n =53 from newly identified models

n =19 from models common to both full-text

review and draft catalog (2013 )

n = 3 from draft catalog (2013) exclusively

n = 3 from eligibility assessment stage

n =10 Intended for use at narrow (e.g, municipal) level
n =7 Details not available in English, French, or Spanish

FIGURE 2 Flow diagram of the publications and NP models selection. Data are current as of 22 December 2016. ' The number of

publications included in the full-text assessment is independent of the number of potential models identified from these publications.

>0Of these 19 models, n = 15 were specifically identified as part of the process of assessing the eligibility of the first 368 potential models
(e.g., through additional documentation reviewed) and n = 4 were identified from other sources (e.g., personal communication or e-mail
newsletter received during the weeks that the eligibility assessment process occurred). *Note: Total is higher than 309 because n = 123
models are classified into >2 possible reasons for exclusion. NP, nutrient profile.
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Number of NP models

Application:
OAdditional

®Primary

Possible applications identified

FIGURE 3 Number of NP models associated with each possible application identified. An application represents the purpose for which
an NP model was built. Applications are sorted first by descending order of the number of models per primary application and second by
descending order of the number of models per additional application (where relevant). Each model is associated with only 1 primary
application; therefore, the total of the number of models per primary application equals 78. 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. 11 is primarily meant for front-of-pack
food labeling but also has reformulation as an additional application). For a given model, the number of additional applications could
range between 0 and 5. Further details on the possible applications of the models and specific model numbers associated with each one

are provided in Table 2. NP, nutrient profile.

as opposed to developed either partly or completely by
a governmental or intergovernmental organization. Most
models (n = 57, 73%) were first introduced within the past
10y, that is from 2007 onwards. Almost half of these models
(n = 27/57; representing 35% of all included models) were
more specifically introduced within the past 5 y, that is
from 2012 onwards, essentially for the purposes of restricting
marketing to children (n = 7), food labeling (n = 5), and
school food standards/requirements (n = 5). Only 4 models
were introduced in the 1980s or 1990s, and the year of
introduction was not specified for 2 of the included models.
Thirty-four models (44%) were found to be derived from
another model identified as part of the present systematic
review.

Characteristics related to the components of NP models.

Table 4 summarizes the key characteristics related to the
components of included NP models, overall and according
to the 12 primary applications identified. A more -detailed
summary of the key characteristics of each model is provided
in Table 5. Supplementary data also provide further details
on the specific nutrients and food components “to limit”
and “to encourage” included in each model (Supplemental
Table 4) and on the specific types of reference amounts and
other evaluation units used in each model (Supplemental
Table 5).

748 Labonté et al.

The majority of models (n = 71, 91%) provide summary
ratings of the nutritional quality of food products based on
the amounts of >2 nutrients or food components (Table 4).
Only 3 models (4%), all meant for food labeling, solely
provide separate ratings of multiple nutrients (e.g., UK
Traffic Light Labelling model, no. 41; Tables 4 and 5).
Four other models (5%), 2 of which are meant for
food labeling, 1 for the restriction of marketing to
children, and 1 for food systems/surveillance, include
nutrient-specific ratings combined with a summary
rating of the nutritional quality of food products (e.g.,
Australia and New Zealand Health Star Rating system,
no. 196).

The output of 70 models (90%) consists of a classification
(e.g., WHO Regional Office for Europe NP model, no. 335,
which classifies food products as eligible or not eligible for
marketing to children based on prespecified thresholds).
The output of only 1 model, the UN World Food Program
Nutrient Value Score (no. 254), is solely a numerical score.
The output of 7 models, meant for either the regulation of
claims (n = 3), restriction of marketing to children (n =
2), or food labeling (n = 2), applies classifications based on
prespecified thresholds following the calculation of a score
(e.g., UK Ofcom model, no. 5, in which foods with a score >4
and beverages with a score >1 are not allowed for television
advertising).
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Food categories were not described in a consistent manner
in the source documents of the different NP models. Thirty-
three models (42%) were described as including only a single
level of food categories (i.e., major food categories), with the
number ranging between 1 and 15 (e.g., 2 categories: foods
and drinks, in the Ofcom model no. 5). In other words, none
of these models had subcategories within any of their major
categories. The other 45 models included >1 subcategory in
addition to major categories [e.g., WHO Regional Office for
Europe NP model, no. 335, in which the major category of
beverages is divided into (a) juices, (b) milk drinks, (c) energy
drinks, and (d) other beverages]. Nine of these models also
included sub-subcategories (e.g., Nordic Keyhole model no.
11, in which the major category of meat and meat products
includes 2 subcategories, and 1 of these subcategories also
includes 3 sub-subcategories). It was possible to find either
the same or different nutritional criteria at the same or
a different level (i.e., major category, subcategory, or sub-
subcategory level) within a given model. Therefore, the total
number of food categories with different nutritional criteria
within a given model, combining the major categories,
subcategories, and sub-subcategories if applicable, ranged
between 1 and 99. When dividing models per primary
application, the largest variations (maximum-minimum) in
this number were observed in models related to school food,
the regulation of claims, and food labeling (Table 4).

All 78 models included nutrients or food components
for which the consumption should be limited, with the
number ranging between 2 and 12 depending on the model
(Table 4). The top 3 nutrients to limit included in the various
models were sodium (91% of models), SFAs (83%), and
total sugars (73%). Sixty-seven models (86%) additionally
included between 1 and 15 nutrients or food components
for which consumption should be encouraged. The top 3
nutrients or food components to encourage were “fruits,
vegetables, nuts, and legumes” (i.e., ingredients of plant
origin; n = 43/67 models, 64%), fiber (63%), and protein
(43%). The overall number and type of nutrients and food
components considered in a model were food-category
specific for 60 (77%) of the models (e.g., Healthier Choices
in Vending Machines in British Columbia Public Buildings
Policy, no. 146, in which whole grains and SFAs are taken
into account in the category of grain products, but not in the
category of milk and alternative-based foods).

The top 3 types of reference amounts considered in the NP
models consisted of per serving (n = 59, 76%), per 100 g (n =
47, 60%; combined with per 100 mL in 23 of these models),
and per 419 kJ (100 kcal) or % of energy (n = 12, 15%).
The evaluation of food components/ingredients according
to their presence or absence in a product (e.g., no added
sweeteners) or to their position in the ingredient list (e.g., first
ingredient must be a whole grain) was also highly prevalent
(64% of models). Most NP models (n = 68, 87%) considered
>2 different types of reference amounts or other evaluation
units (Table 5). Only 2 models used a reference amount per
serving only, 4 models used per 100 g only, and 4 models used
per 100 g or mL only (Table 5, Supplemental Table 5).
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Information on the validation of NP models. Different
forms of validation exist for NP models including, but not
limited to, content validity, face validity, construct validity
(also named convergent validity, depending on the author),
and criterion (predictive) validity, as described in further
detail by Townsend (118), Cooper et al. (119), and the WHO
(6). The present systematic review shows that information
on any form of validity testing could not specifically be
identified for 58% of the included NP models (n = 45;
Table 4 and Table 6) (119). Among these, 6 models were
nevertheless classified as being indirectly validated because
they were adapted from another model for which some
validity testing had been conducted, or because information
on validity testing could be identified for an earlier, but
relatively different version of the model. Among models for
which >1 form of validity testing could be identified (n =
33), construct/convergent validity was the most common
form reported (n = 24/33; e.g., comparison and assessment
of the agreement between classifications made by a model
and those made by other similar models). Some degree of
criterion (predictive) validity testing, the most robust form of
validation, which, for example, assesses how well NP models
predict changes in health outcomes, was identified for only 8
models (10% of all included models). Interestingly, between
70% and 75% of models primarily built for restricting
marketing to children, for the regulation of claims, and for
standards for vending machines were found to be validated
at least to a small extent. The UK Ofcom model (no.
5) remained the most frequently validated model, as also
reported by Cooper et al. (119).

Discussion

The present systematic review aimed to identify NP models
developed or endorsed by authoritative bodies worldwide
for application in government-led nutrition-related policies
aimed at health promotion and NCD prevention and to serve
as an up-to-date and accessible resource that summarizes
the key characteristics of such models. Several points of
consideration emerged from this work and need to be
highlighted.

The total number of NP models meeting our current
inclusion criteria (n = 78) more than tripled since the last
review of NP models conducted in November 2012 [draft
catalog (2013)], from which 22 models were included here.
Indeed, searches of the peer-reviewed and gray literature
and information obtained from other sources (e.g., e-mail
newsletters) led to the inclusion of 56 new additional models,
of which close to half were first introduced between 2012 and
2016 inclusively. Such a growth in the number of NP models
developed or endorsed by authoritative bodies therefore
supports the relevance and usefulness of the present work for
government bodies and others who increasingly recognize
the merit of the use of nutrient profiling to underpin
nutrition-related policies. Moreover, new types of primary
applications for NP models are revealed in the present
systematic review as compared with the draft catalog (2013),
including food procurement regulations or food-quality
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standards for health facilities, for government facilities, or
for recreational facilities and standards for vending machines
in various settings, consumer education, and food taxation.
The observation that a substantial proportion (44%) of the
included models were built based on >1 other NP model
also suggests that the adoption or adaptation by government
bodies of an already existing model is becoming a more
frequent practice, as per the WHQO’s recommendations (1, 6).

Models primarily developed for school food standards or
guidelines were the most prevalent in the present review.
Interestingly, 20 out of these 27 models were newly identified
as part of our literature searches, and they actually repre-
sented the largest proportion of new models included in the
review (n = 20/56, 36%). Such results suggest that one of
the priorities with regard to the use of nutrient profiling by
governments in recent years pertained to the establishment
of school food standards or guidelines based on objective
nutritional criteria, more particularly at the provincial/state
level in Canada, Australia, and the United States. Food
labeling nevertheless remained one of the main reasons why
governments develop or endorse NP models, along with
the restriction of the marketing of foods and beverages to
children and the regulation of health or nutrition claims.

Only a low number of models (n = 6) were formally
identified as having reformulation as a possible application,
an observation that can be considered surprising given
that this objective is often behind several nutrition-related
policies, particularly FOP labeling. Formal recognition of
reformulation as an objective of nutrient profiling by poli-
cymakers should be considered important and be monitored
in the future, since it has been argued that having NP models
that incentivize reformulation might represent one of the key
ways by which strategies such as FOP labeling could impact
health at the population level (129).

We observed wide variations in the number and nature
of food categories, in the number and types of nutrients
and food components “to limit” and “to encourage,” and
in the number and types of reference amounts considered
in the various NP models’ algorithms. These variations
were observed not only between models as a whole but
also between models built for the same application. This
suggests that some NP models might be more complex to
use or adapt than others. Importantly, anyone involved in the
development or adaptation of an NP model needs to be aware
of the considerations underlying the choice of the elements
included in a model in order to make the best decisions
possible in relation to the policy for which the model
is intended. With respect to food categories, this implies
finding the appropriate balance between robustness of the
profiling method and being able to apply it in the desired
contexts. For example, a small number of categories (e.g.,
foods compared with beverages) is clearly easier to define
and apply in regulations, leaving less room for subjectivity
in the classification of food products. On the other hand, a
low number of categories, compared with a higher number
of food categories, is less likely to account for the natural
variation in the nutritional composition of food products
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across food categories (e.g., naturally high amount of total
fat and SFAs in some core foods such as nuts). Implications
around the choice of food categories and other characteristics
of NP models are further described in publications by Sacks
et al. (3), Scarborough et al. (7), and Rayner et al. (4).
Verhagen and van den Berg (130) also propose a useful tool
for easily and quickly visualizing differences between NP
models in some of the main characteristics related to their
development and adaptation.

The nutrients to limit most frequently taken into account
in NP models were sodium, SFAs, and total sugars, which is
consistent with the observation that data on these nutrients
are usually readily available in food-composition databases
and reported on food labels, therefore facilitating their use in
NP models’ algorithms. However, there are also controversies
around the consideration of these nutrients. For example,
it is increasingly argued that the onus should be on free or
added sugars as opposed to total sugars in national dietary
guidelines (131-133). Interestingly, free or added sugars were
among the top nutrients to limit included in models primarily
meant for use in the context of vending machines and food
assistance programs. Moreover, 46% of models that consider
free or added sugars were introduced not long ago, that is
from 2010 onwards. This supports the idea that refinement
in the elements taken into consideration in NP models may
be starting to emerge in light of the recent recommendations
by some authoritative sources (132, 134). It is also inter-
esting to note that most models consider nutrients or food
components to encourage in their algorithm, particularly in
the context of food served in public settings (i.e., school
food, health facilities, government facilities, recreational
facilities, and vending machines), where 93-100% of the
models include such nutrients or food components. This is
consistent with a view of encouraging consumers to opt for
nutrient-dense foods in public settings as opposed to simply
discouraging them from choosing nutrient-poor options.
Finally, in over three-quarters of the included models, the
types and number of nutrients or food components varied
across all or some of a model’s food categories. This most
likely reflects an attempt by authoritative bodies to take into
account the nutrients and food components that are most
relevant to certain food categories.

The WHO and scientific community highly recommend
that NP models be validated before they are used (1, 4, 6, 118,
119). Although some level of predictive validity testing, the
strongest form of validation, was conducted for just a very
small proportion of the models (10%), information on at least
some degree of validity testing could be identified for 42%
of included models. Also, the lack of information on validity
testing for the remaining 58% of models does not necessarily
mean that these models have not been validated in some way.
It is possible that information on early testing of the models,
for example during the development phase, was simply not
reported by the developers. It is also possible, despite the
fact that extensive searches of the peer-reviewed and gray
literature were conducted, that a publication describing the
validity testing of a given model was not retrieved as part



of our searches because they were not planned a priori
to fully capture information on validation. Capturing this
information can also be challenging given the different types
of validity testing that exist and the different definitions given
by various authors in the field (4, 118, 119). Our observations
therefore have to be interpreted with caution, but they at least
suggest that there is still room for improvement in the area of
validation of NP models. This is true not only with regard to
the types of tests that are carried out but also to the reporting
of the results of such tests.

Some limitations of this systematic review need to be
pointed out. First, nutrient profiling is a rapidly evolving
field in which current NP models might be updated and
new NP models might be proposed for use at almost any
moment. Adding to this the extensive time and resources
required to identify existing NP models, to assess their
eligibility, and to extract their numerous characteristics,
keeping the current systematic review completely up-to-
date is therefore a difficult and onerous task. This explains
why we established that potentially relevant NP models that
were published or that we became aware of following 22
December 2016, representing the date that the last eligibility
assessment was conducted, would not be included in the
systematic review [e.g., the WHO Regional Office for the
Eastern Mediterranean NP model, published in the early
months of 2017 (135)]. Although a few additional and
most likely eligible models might not have been included
here given the cutoff date specified, we are confident that
the majority of the most relevant models at the present
time have been retrieved based on our very extensive
searches of both the peer-reviewed and gray literature.
These extensive searches represent a strength of the present
review.

Second, the systematic review usually included the version
of a model that was in effect on the day that the initial data
extraction was carried out for that model. This approach
ensured consistency during the data-verification process.
However, some models were updated between the moment
that their data were first extracted by one of the team
members and the time of their verification by another. When
such a situation occurred, a note was added to our data-
extraction worksheet indicating that a new version of the
model was now available but that a previous version had been
used for data extraction.

Third, approximately half of the excluded models were
not considered because they were not developed or en-
dorsed by government bodies, suggesting that sectors outside
governments including commercial, research/academic, and
nongovernmental organizations also show increasing interest
towards the use of nutrient profiling for different purposes
(e.g., NP model built by a food company for the reformu-
lation of its own portfolio of products). Non-authoritative-
based models might be less likely to be adopted and used by
government bodies, explaining why we did not retain them
here. This is particularly the case for industry-based models,
for which their adoption by a government body could lead
to potential conflicts of interest and possible loss of trust

by consumers. Still, we cannot rule out the fact that models
developed by nonauthoritative organizations might deserve
consideration in some instances. For that reason, our list of
excluded models (Supplemental Table 3) will be a useful tool
for anyone interested in identifying and learning more about
such models.

Fourth, the many different ways that authoritative bodies
used to describe the NP models in the various source
documents introduced challenges in our effort to extract,
interpret, summarize, and report the information from all
models in a consistent manner. As shown previously, there
was wide variability in how food categories were presented
across the NP models, with some including only major
categories and others including subcategories and even sub-
subcategories, with nutritional criteria sometimes applied at
different levels within the same model. Some fields therefore
had to be modified or added to our data-extraction sheet as
compared with those described in the original protocol in
order to report the information from the models as precisely
as possible.

In conclusion, this systematic review showed that NP
models developed or endorsed by authoritative bodies world-
wide for application in government-led nutrition-related
policies aimed at health promotion and NCD prevention
have mostly been introduced within the last 10 y. These
models essentially originate from the Americas, followed
by the Asia/Pacific region, and they have primarily been
built for school food standards or guidelines, FOP food
labeling, and the restriction of the marketing of foods and
beverages to children. All models include nutrients to limit,
with sodium, SFAs, and total sugars being the nutrients most
frequently considered, and most models also include >1
beneficial nutrient or food component, such as ingredients
of plant origin. No information on validity testing could be
identified for over half of the included models. Data from
the present review, which will be made available in a more
detailed, online, searchable format, will be highly valuable
for assisting health professionals, nutrition professionals,
and policymakers wishing to compare the constructs and
components of existing NP models and to identify gaps in
the field that may need to be addressed. This new resource
will ultimately assist policymakers in the selection of an
appropriate NP model when the establishment of specific
nutrition-related policies or regulations requires the use of
nutrient profiling.
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