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Abstract: Front-of-package nutrition labelling (FOPNL) is known as an effective tool that can encour-
age healthier food choices and food reformulation. A very interesting type of FOPNL is grading
schemes. Our objective was to compare two market-implemented grading schemes—European Nutri-
Score (NS) and Australian Health Star Rating (HSR), using large Slovenian branded foods database.
NS and HSR were used for profiling 17,226 pre-packed foods and drinks, available in Slovenian food
supply dataset (2020). Alignment between models was evaluated with agreement (% of agreement
and Cohen’s Kappa) and correlation (Spearman rho). The 12-month nationwide sales-data were used
for sale-weighing, to address market-share differences. Study results indicated that both models
have good discriminatory ability between products based on their nutritional composition. NS and
HSR ranked 22% and 33% of Slovenian food supply as healthy, respectively. Agreement between NS
and HSR was strong (70%, k = 0.62) with a very strong correlation (rho = 0.87). Observed profiling
models were most aligned within food categories Beverages and Bread and bakery products, while
less aligned for Dairy and imitates and Edible oils and emulsions. Notable disagreements were
particularly observed in subcategories of Cheese and processed cheeses (8%, k = 0.01, rho = 0.38)
and Cooking oils (27%, k = 0.11, tho = 0.40). Further analysis showed that the main differences
in Cooking oils were due to olive oil and walnut oil, which are favoured by NS and grapeseed,
flaxseed and sunflower oil that are favoured by HSR. For Cheeses and cheese products, we observed
that HSR graded products across the whole scale, with majority (63%) being classified as healthy
(=>3.5 *), while NS mostly graded lower scores. Sale-weighting analyses showed that offer in the
food supply does not always reflect the sales. Sale-weighting increased overall agreement between
profiles from 70% to 81%, with notable differences between food categories. In conclusion, NS and
HSR were shown as highly compliant FOPNLSs with few divergences in some subcategories. Even
these models do not always grade products equally high, very similar ranking trends were observed.
However, the observed differences highlight the challenges of FOPNL ranking schemes, which are
tailored to address somewhat different public health priorities in different countries. International
harmonization can support further development of grading type nutrient profiling models for the
use in FOPNL, and make those acceptable for more stake-holders, which will be crucial for their
successful regulatory implementation.

Keywords: labelling; front-of-pack; branded foods database; sale-weighting; Nutri-Score; Health
Star Rating

1. Introduction

Strong evidences show that dietary factors are linked to the development of non-communic
able chronic diseases [1,2]. Therefore, improving people’s diets is an important public health
goal. In high-income countries, consumption of ultra-processed prepacked foods and drinks is
increasing [3-5], while the nutritional quality of such products is often questionable [6].
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Two key approaches for improving people’s diet are encouraging them to choose health-
ier foods (e.g., education, promotion) and the implementation of policies, which stimulate
the development of foods with favourable nutritional composition (e.g., food reformulation
policies, taxation, ... ) [7]. One way to address these approaches is through food labelling,
representing the link between the consumer and the manufacturer. In recent years, different
authorities emphasize the importance of front-of-package nutrition labelling (FOPNL) [8,9].
FOPNL should enable the consumer to distinguish quickly and clearly between foods accord-
ing to their nutritional composition [10]. Such labelling can empower consumers to recognize
differences between similar pre-packed foods and encourages manufacturers to reformulate
their products [11], i.e., lower content of saturated fat, sugar, and sodium.

However, not all FOPNLs are equally effective. FOPNL schemes vary based on their
graphic representation and parameters, which are included in the nutrient profiling algorithm.
In recent times, emphasis has been placed on interpretive FOPNL schemes, which can subcon-
sciously direct consumers towards healthier options (e.g., use of traffic light colours, rating,
and heart symbol) [12,13]. Such labelling could support all consumers (regardless of their
background nutritional knowledge) with making not only informed but also healthier food
choices. The effectiveness of such schemes was supported by recent studies [14,15].

The European Commission (EC) is currently discussing the implementation of manda-
tory harmonized FOPNL across the EU region [16]. One type of interpretive FOPNL are
overall grading schemes [10], which became interesting for public health policy makers as
they provide simplified information (easier for interpretation), can be used on all products,
and they avoid dichotomous thinking that foods can be either healthy or unhealthy [17].
Only two such schemes are currently used on the market: Nutri-Score (NS) in Europe,
and Health Star Rating (HSR) in Australia. NS is an overall grading scheme developed
in France, which grades foods on a scale from A-dark green (healthiest) to E-dark orange
(least healthy) [18]. NS was developed with the considerations of the market; it is one of
the most scientifically supported voluntarily FOPNLs, successfully implemented in several
European countries, and therefore one of the candidates for the introduction of harmonized
FOPNL in Europe. On the other hand, HSR is a voluntary scheme developed in Australia
by the government in collaboration with the food industry and consumers groups. It grades
foods in half-star increments from 0.5 * (least healthy) to 5 * (most healthy) and is commonly
used in scientific research to evaluate the healthiness of foods and drinks [19]. Both schemes
were built on the Ofcom Nutrient Profiling System, which was established to limit the
marketing of unhealthy foods to children in the United Kingdom [20]. Even though both
schemes have a very similar core system, adaptations made in the development process af-
fected the way how food products are presented to consumers. For example, NS is 5-colour
graded FOPNL, while HSR in the monochrome system with 10 possible star grades. Unlike
NS, which only included minor changes to Ofcom profiling, HSR extended score scales for
most of the attributes included in the profiling. The main differences between NS and HSR
are described in Table 1.

Even though rating schemes can be easier for interpretation, some researchers are
noting limited ability of FOPNLs for long-term changes into healthier dietary patterns, and
emphasize the importance of consumer education. Some challenges were also highlighted
for NS and HSR [21,22]. However, to our knowledge, no study so far did a comparison
of these two rating systems across whole food supply. Such comparison would give us
valuable data, highlighting the main challenges of grading schemes and opportunities
for their improvement. Considering that FOPNLs have been particularly emphasized
in the last few years, there is a lack of real-life data. Furthermore, the use of individual
foods market-shares was shown to be useful for monitoring critical nutrients, but such an
approach can be also used to examine what kind of products consumers are exposed to.

The aim of this study was to compare two grading FOPNL schemes—NS and HSR,
which both aim to promote healthier foods and beverages to the consumer. We wanted to
evaluate the alignment between these two systems and identify the main differences and
related challenges, based on nationally representative branded food composition database.
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Market-share differences were addressed with the use of a sale-weighting approach, with

consideration of 12-month sales data.

Table 1. Differences between Nutri-Score and Health Star Rating nutrient profiling models.

Nutri-Score

Health Star Rating

Number of grades 5 (A “healthiest”-E “least healthy”) 10 (5 * “healthiest”-0.5 * “least healthy”) ¢
NUTRI-SCORE *
. . ¥ g TN T s | s | somom [
Graphic representation E 2435 @M
HEALTH STAR d _HicH_J
RATING PR 100g
1: Non-dairy beverages
1: Beverages 2: Foods
- . 2: Foods 3: Oils and spreads
Profiling categories 3: Added fats 1D: Dairy beverages
4: Cheese 2D: Dairy foods
3D: Cheese
Maximum points
Ener 10 10or11?
Saturated fats 10 30
Total sugars 10 10or252
Sodium 10 30
% FVNL P 50r10? 8or10°
Proteins 5 15
Fibre 5 15
. Special conditions for profiling dairy
e  Includes rapeseed, walnut, and olive products and imitates
oil as % FVNL P . Minimum % FVNL relevant for profiling is 25%
e  Automatically grades plain water: A e  Automatically grades:
(dark green) o plain water: 5 *
Specific profiling characteristics e Minimum % FVNL P relevant for o unsweetened flavoured water: 4.5 *
profiling is 40% o fresh and minimally processed

o Does not include concentrated juices

as part of % FVNL P (except for 100%
rehydrated juices) .

(canned and frozen) fruit and
vegetables: 5 *

Profiles water-based ice confections and jelly
desserts as 1: Non-dairy beverages

2 depending on the profiling category. ® % of fruit, vegetables, nuts, and legumes. © * refers to stars of Health Star
Rating grades.

2. Materials and Methods
2.1. Data Sources

The study included cross-sectional data on available pre-packed foods from the Slove-
nian food supply (Slovenian branded foods dataset, 2020). The data source was the Com-
position and Labelling Information System (CLAS, Nutrition Institute, Ljubljana, Slovenia).
The detailed methodology on data collection for CLAS is described elsewhere [23]. Briefly,
CLAS includes the photo collection of labels of pre-packed foods from major retailers that
cover the majority of the food market share in Slovenia. It includes all products with unique
barcodes (most commonly in the form of the Global Trade Item Number—GTIN) that were
available at the time of sampling. The 2020 dataset included 28.028 pre-packed foods
from 7 stores all located in Ljubljana, Slovenia: two mega-markets (Interspar, Mercator
Center), two supermarkets (Tus, Spar), and three discount markets (Eurospin, Hofer, Lidl).
Information on nutritional composition and ingredients were extracted from the photos.

Yearly product specific sales data for 2020 were obtained from retailers, which repre-
sent over 50% of the national market share. With the help of GTIN barcodes, sales data
were matched with the CLAS database. Using package size, we were able to calculate the
quantity (kg/L) of product sold in a year, which was used for sale-weighting.

2.2. Product Categorization and Exclusion Process

Products in CLAS were categorized according to the international food categorization
developed by the Global Food Monitoring group, to enable the monitoring of pre-packed
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foods and beverages [24]. The categorization was slightly modified according to European
market specifics and study methodology. Product exclusion consisted of four steps. At first,
we excluded foods from categories that are not covered by NS or HSR (N = 9.250). Then, we
excluded products with missing data, which is a part of mandatory nutritional declaration
(N = 881) and products that needed preparation, which would require the addition of other
ingredients (N = 546). To avoid possible errors in the database, we also excluded products
where calculated energy content (based on the content of nutrients) was differentiated from
the labelled energy content for over +20% (N = 125). These calculations were conducted with
a protocol provided in the Regulation (EU) No. 1169/2011 [25]. After the exclusion process,
we ended up with 17,226 products from 12 main food categories and 53 subcategories.

2.3. Dealing with Missing Data

Since nutrient profiling requires some information, which is not part of mandatory
food labelling, our dataset was supplemented with missing data for fibre, content of fruit,
vegetables, nuts, and legumes (% FVNL), and calcium content.

The determination of missing dietary fibre and % FVNL content was performed as
described elsewhere [26]. For dietary fibre, we defined food categories where fibre could
be above 0.9 g/100 g, where the dietary fibre content becomes relevant for NS and HSR.
The missing fibre content for relevant categories was then calculated for each product based
on its energy value, content of other nutrients and their energy factors, using a previously
described method [25]. fibre content was calculated for 2814 (16%) products. The % FVNL
was assessed using ingredient lists, and sometimes with consideration of the legislation [27,28].
We separately determined the content for specific oils important to NS (olive, walnut, and
rapeseed oil), concentrated, dried and fresh FVNL, which was then converted into the total %
FVNL by using the method described in the profiling protocol [29,30].

The calcium content was needed for the calculation of HSR for dairy products. When
possible, the calcium content was extracted from the label; otherwise, it was assessed based
on similar products (e.g., same type of cheese) available in national food composition
database Open Platform for Clinical Nutrition (OPKP) [31]. Alternatively, the Fineli [32]
database was used. For dairy imitates, the calcium content was only taken into account if
the product had declared calcium content on the label.

Profiling exceptions were done with the use of food name and ingredient lists (i.e.,
plain water (for both models), water-based ice confections, minimally processed fruits and
vegetables, and unsweetened flavoured waters (for HSR)).

2.4. Calculation of the NS Grade

Calculations of NS grades were performed in the alignment with Scientific and Techni-
cal instructions of French Public Health Agency [29]. At first, we assigned products to one
of the four NS profiling categories (General, Beverages, Added fats, and Cheeses). Then,
based on nutritional composition per 100 g or 100 mL, we assigned positive points (0—40)
to negative attributes and negative points (0-15) to positive attributes. Negative attributes
were energy (k]), total sugars (g), saturated fatty acids (g), and sodium, while positive
attributes include fibre (g), proteins (g), and % FVNL. The sum of positive and negative
attributes gave the products a final score. Based on the final score, the product was graded
from A (healthiest) to E (least healthy).

2.5. Calculation of the HSR Grade

Calculations of the HSR grades were performed according to the criteria provided
by the Front-of-Pack Labelling Secretariat of the Australian Government [30]. Products
were assigned to one of six HSR profiling categories: 1: Non-dairy beverages, 2: Foods,
3: Oils and spreads, 1D: Dairy beverages, 2D: Dairy foods, and 3D: Cheeses. Similar to
NS, points were assigned to the same positive and negative attributes, but the amount
of maximum points varied from 10 to 30 for each negative attribute and 8 to 15 for each
positive attribute (depending on the profiling category). The sum of all negative and all
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positive points resulted in the product final score, based on which product was graded to
one of ten HSR grades: from 5 stars (*) (healthiest) to 0.5 stars (*) (least healthy).

2.6. Data Analyses

Statistical analyses were performed using Microsoft Excel 2019 (Microsoft, Redmond,
WA, USA) and R Studio (R Core Team, Vienna, Austria).

HSR has ten possible grades, while NS only has five. For easier comparison, we
combined HSR grades into five, which were comparable to NS (HSR grades 5 * and 4.5 *
were joined and compared to NS grade A, 4 * and 3.5 * with B, and so on). In line with
previous studies, the cut-off value for healthier products was set at 3.5 * or more for HSR,
and A/B for NS [33-35].

First, we assessed the distribution of different NS and HSR grades and overall healthi-
ness of the Slovenian food supply. We compared both models based on available foods and
based on sale-weighted distribution, and assessed their ability to discriminate products
within a specific food (sub)category. The ability to discriminate between products was
defined as good when there were at least three grades within a specific (sub)category [36].

The alignment between NS and HSR was assessed with the calculation of agreement (%
of agreement and Cohen’s Kappa) and correlation (Spearman rho). At first, we calculated
the % of agreement. If the model had sufficient discriminatory ability, we continued
assessing agreement with Cohen’s Kappa. We have considered that models may not grade
products equally high, but the way the products are ranked from the best to the worst
can be similar. For this purpose, we also calculated the correlation with Spearman rho.
Cut-off ranges for agreement and correlation were as follows (multiplied by 100 % for %
of agreement): 0-0.20, negligible; 0.21-0.40, weak; 0.41-0.60, moderate; 0.61-0.80, strong;
0.81-1, very strong [33,37]. We then identified food categories that had the worst agreement
and correlation by using all three approaches. These categories were subject to further
categorization [38,39] and were then presented with descriptive statistics.

3. Results

Our final sample consisted of 17,226 pre-packed products. The largest share of the
sample represented Dairy and imitates (18.6%), followed by Bread and bakery products
(13.4%), Confectionery (13.3%), Meat and meat products (11.0%), Beverages (10.6%), Fruits
and vegetables (8.4%), Sauces and spreads (7.0%), Convenience foods (4.4%), Snack foods
(3.5%), Edible oils and emulsions (3.4%), Fish and fish products (3.3%), and Cereal and
cereal products (3.2%) (Table 2).

Table 2. Sample description of Slovenian branded food database (2020) used for nutrient profiling
with Nutri-Score and Health Star Rating.

Category Number of Products % of the Sample
Total 17,226 100
Beverages 1822 10.6
Bread and bakery products 2304 134
Cereal and cereal products 547 3.2
Confectionery 2283 13.3
Convenience foods 750 44
Dairy and imitates 3203 18.6
Edible oils and emulsions 587 3.4
Fish and fish products 577 3.3
Fruit and vegetables 1452 8.4
Meat and meat products 1890 11.0
Sauces and spreads 1207 7.0

Snack foods 604 3.5
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Number of products

3.1. Discriminatory Ability and Distribution of Grades across Food Supply

The overall distribution of NS and HSR grades of products in the Slovenian food
supply is displayed in Figure 1. NS graded 10% of products A, 12% B, 20% C, 32% D, and
25% E. HSR grades were slightly in favour of healthier foods: 12% of products were graded
4.5-5%*; 21%, 3.5-4 *; 16%, 2.5-3 *; 22%, 1.5-2 *; and 29%, 0.5-1 *. It should be noted that,
in HSR, products with a higher score (>20), which are otherwise associated with negative
grades, can get a final grade of 4.5-5 *. This reflects the modifications of HSR for dairy
and oils and spreads. Using criteria A/B for NS and 3.5 * for HSR [33-35], the NS model
ranked 22% of products in the Slovenian food supply as “healthy”, while HSR ranked
33% of the products as healthy. The discriminating ability (3 or more different grades
within a category) was good in all the main categories for both NS and HSR and in 91% of
subcategories for NS and 94% for HSR. The discriminating ability was low in some smaller
homogenous subcategories such as Water, Frozen fruit, and Frozen vegetables, for both NS
and HSR, and for NS also in categories of Butter and Animal fat products.

Mutri-Score Health Star Rating
H A W 455

B 750- 35-4¢

c 25-3

D 1.5-2¢
W W os-r

500- u ]
o
250~ '

= 0- = =

10 20 30 -25 0 25 50

FSAmM-NPS score Health Star Rating profiler score

Figure 1. Overall distribution of profiling scores according to Nutri-Score (FSAm-NPS (Food Standard
Agency- Nutrient Profiling System)) and Health Star Rating algorithm in conjunction with their final
grade. Colours represent different Nutri-Score and Health Star Rating grades across 2020 Slovenian
food supply (n = 17,226). * refers to stars of Health Star Rating grades.

The distribution of NS and HSR across main categories is displayed in Figure 2. In
the main categories, NS was stricter in grading Convenience foods, Dairy and imitates,
Fish and fish products, Meat and meat products, Edible oils and emulsions, and Snack
foods. However, HSR was stricter than NS for the highest rated products (4.5-5 * or A)
in categories of Cereal and cereal products, Convenience foods, Fish and fish products,
Meat and meat products, and Sauces and spreads. HSR was also stricter for Confectionery,
rating 69% of the available foods with lowest grades 0.5-1 *, while NS rated 56% with a
grade E. The most notable difference in grading was observed in categories of Edible oils
and emulsion and Dairy and imitates. For Edible oils and emulsions, HSR graded almost
half (48%) of the products as “healthy” while for NS, none of these products were assessed
as healthy (highest grade was C). Similar results were observed for Dairy and imitates,
where HSR assessed 56% of products “healthy”, while NS only 35%. There were no notable
differences in the rating of Beverages.

Differences become clearer, when results of modelling are compared for food subcate-
gories (Supplementary Material S1), especially in Dairy and imitates. In Cottage cheese,
HSR graded 73% of products with 4.5-5 *, while NS rated less than half of the products
(47%) with A. In Cheese and processed cheese, NS in vast majority (82%) rated products D,
12% C, and a few products B (1%) and E (5%). HSR distributed such products across all
grades: 35% with grades 4.5-5 *; 28%, 3.5-4 *; 8%, 2.5-3 *; 6%, 1.5-2 *; and 22%, 0.5-1 *. NS
showed good discriminating ability in the category of Plain yogurts, where full fat yogurts
got a B (38%), and skimmed yogurts got an A (50%). HSR rated 83% of products 4.5-5 *,
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with full fat yogurts mostly getting a 4.5 * and skimmed yogurts a 5 *. In the category of
Flavoured yogurts, HSR rated products higher than NS, with 19%, 4.5-5 *; 54%, 3.5—4 *;
24%, 2.5-3 *; and 2%, 1.5-2 *. NS rated Flavoured yogurts mostly B (46%) or C (45%), and
some products with A (8%) and D (1%).

Beverages Bread and bakery products
Mutri-Score - Il ——— Mutri-Score - |
Health Star Rating - Bl WUEEENEE  Health Star Rating - | e
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Cereal and cereal products Confectionery
Nutri-Score - RIS Mutri-Score - | e
Health Star Rating - — . . | Health Star Rating - ] . —
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Convenience foods Dairy and imitates
Nutri-Score - I | Mutri-Score - [l |
Health Star Rating - | | Health Star Rating - NN || ) )
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% MUtri-Score, Health Star Rating
Edible oils and emulsions Fish and fish products . A455
Nutri-Score - I Nutri-Score - 1 | B 35-4
Health Star Rating - I . ! /B Health StarRating- B i — | C,25-3*
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% D 15-2*
Fruit and vegetables Meat and meat products - E. 05-1%
Nutri-Score - INEEG_G Mutri-Score - B e
Health Star Rating - NN . | Health Star Rating - . I
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Sauces and spreads Snack foods
Nutri-Score - I | Mutri-Score - I |
Health Star Rating- [l B  Health Star Rating - | |
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
Total
Mutri-Score - [l |
Health Star Rating - 1l ||

0% 25% 50% 75% 100%

Figure 2. Distribution of Nutri-Score and Health Star Rating grades across main categories. Colours
represent different Nutri-Score and Health Star Rating grades. * refers to stars of Health Star Rating grades.

In the main category of Convenience foods, NS was slightly stricter from HSR in rating
Pizza; however, HSR was stricter when it comes to the highest grades (4.5-5 * or A) for
Ready meals, Pre-prepared salads and sandwiches, and Side dishes.

For the subcategory of Cooking oils, NS was stricter and graded products with C
(51%), D (40%), and E (9%), while HSR distributed such products across all grades: 2%
with grades 4.5-5 *; 54%, 3.5-4 *; 33%, 2.5-3 *; 1%, 1.5-2 *; and 10%, 0.5-1 *. Another
interesting category where we observed notable differences were Breakfast cereals, where
HSR assessed 51% of products as “healthy”, while for NS, this was 37%. In the category
of Beverages, the results of profiling were most aligned, with some smaller differences. In
the subcategory of Nectars, HSR graded some products better than NS due to the lower
threshold for % FVNL. We also observed that HSR made notable differences in grading
unsweetened flavoured waters (4.5 *), 100% fruit juices with lower sugar content (<7 g per
100 mL) (4 *), and drinks with non-caloric sweeteners (3.5 *), while for NS, such drinks
were mostly graded B.

3.2. Agreement and Correlation between Nutri-Score and Health Star Rating

The evaluation of alignment based on agreement and correlation between NS and HSR
for subcategories is displayed in Figure 3, with exact values available in Supplementary
Material S1. Overall, we determined strong agreement (70% and « = 0.62) and very
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strong correlation (rho = 0.87) between both models. The percentage of agreement was
perfect (100%) for Waters, Frozen fruit, and Frozen vegetables, where both models rated all
products with the highest possible grade. The percentage of agreement was also very strong
(81-100%) for 16 other subcategories, especially in the main categories of Beverages and
Bread and bakery products and in other more homogenous subcategories such as Cereal
flakes and bran (94%), Butter (93%), Jelly candy (86%), and Milk and milk drinks (82%). We
observed that 13 subcategories had moderate to strong % of agreement and kappa, but very
strong correlation, which indicates that models do not always agree on the grade, but still
rank products similarly. This includes subcategories such as Breakfast cereals (rho = 0.83),
Crispy bread (rho = 0.89), Cream imitates (rho = 0.85), Desserts (rtho = 0.88), Yogurt imitates
(rho = 0.90), Snack foods (rho = 0.82) and most subcategories in the main categories of
Convenience foods and Sauces and spreads. We identified that NS and HSR have either
very strong agreement or correlation in 32 (60%) subcategories. A slightly lower agreement
but still strong correlation was found in most subcategories of Fruit and vegetables and
Meat and meat products. For Canned (78%, k = 0.53, tho = 0.71) and Dried fruit (59%,
k = 0.43, rho = 0.79), HSR rated products were slightly stricter due to a higher penalization
of sugars. For Nuts and fruit mixes (48%, k = 0.23, rho = 0.65) and Nuts and seeds (50%,
k = 0.31, rho = 0.78), HSR graded products higher due to a higher contribution of positive
components (fibre, % FVNL and protein), in comparison to NS. HSR was stricter in grading
Unprocessed meat and Meat alternatives, and NS was stricter in grading Processed meat
and meat products. Five categories with the lowest alignment between models were Cheese
and processed cheese (8%, k = 0.01, rho = 0.38), Cream (14%, k = 0.03, rho = 0.26), Cooking
oils (27%, « = 0.11, rho = 0.40), Margarine (27%, k = 0.13, rho = 0.72), and Unprocessed
chilled fish (54%, k = 0.30, rho = 0.55). We observed that differences between models for
Unprocessed chilled fish were due to extended HSR scale for protein. Most such products
got maximum points for protein with NS, while for HSR protein, points differ substantially
between products, making HSR a stricter profiling model for the highest grades (4.5-5 *).
For Margarine, NS was much stricter (highest grade C) but the overall ranking/correlation
was strong. The subcategory of Cream was a small and homogenous group, where most
products were graded the same. NS graded most of these products (86%) D and HSR (81%)
0.5-1 *, which resulted in poor agreement. Two subcategories with the lowest alignment
(and with enough diverse products for further analysis) were Cheese and cheese products
and Cooking oils.

3.3. Main Differences in Grading with NS and HSR

Categories of Cheese and processed cheese and Cooking oils, where major differences
were observed for profiling with NS and HSR, were subject to further descriptive analysis
(Figure 4). After dividing products according to the type of oil/cheese, we could determine
the type of products on which the models agree and disagree. In Cooking oils, the models
were in alignment especially for coconut oil, pumpkin seed oil, mixed vegetable oil, and
hemp seed oil. Smaller differences in grading were observed for special oils, sesame oils,
and rapeseed oils, but the overall ranking stayed the same. The main differences were
observed for olive oil and walnut oil, which are favoured by NS (mostly graded C) and
grapeseed, flaxseed, and sunflower oil, which are favoured by HSR (mostly graded 3.5-4 *).
For Cheeses and cheese products, we observed that HSR grades products across the whole
scale, with the majority (63%) being ranked as healthy (>3.5 *). On average, products that
were defined as healthy were soft, firm, and hard cheeses, while less healthy were extra
hard cheeses, processed cheese, and cheese spreads. On the other hand, NS graded most of
the products with lower grade D (82%). The highest average grade had soft cheeses with
some graded C (n = 69), and the lowest grade for extra hard cheeses. The most notable
difference was observed for processed cheese and cheese spreads, with typical HSR grades
0.5-1 *, while NS graded them similar to other cheeses (mostly D).
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Juices (n=349)-
Mectars (n=228)-

Soft drinks (n=1057)- Beverages
Waters (n=188)-
Biscuits (n=1129)-
Bread (n=247)-
Cakes, muffins and pastry (n=543)- Bread and bakery products

Crispy bread (n=291)-
Other (n=94)-

Breakfast cereals (n= 484)-
Cereal flakes and bran (n=63)-

Chocolate and sweets (n=2104)-
Jelly candy (n=179)-

Pizza (n=73)-
Pre-prepared salads and sandwiches (n= 137)-

Ready meals (n=304)-

Side dishes (n=236)-

Cheese and processed cheese (n=827)-
Cheese imitates (n= 34)-

Cottage cheese (n=78)-

Cream (n=155)-

Cream imitates (n= 38)-

Desserts (n=192)-

Flavoured yogurt (n= 572)-

Cereal and cereal products

Confectionery

Convenience foods

Dairy and imitates

Agreement/Correlation

Ice cream and edible ices (n= 568)- negligible
Milk and milk drinks (n= 237)- weak
Milk imitates (n=185)-
Plain yogurt (n= 274)- moderate
Yogurt imitates (n=43)- | strong
Butter (n=67)- very strong
Cooking oils (n= 465) - Edible oils and emulsions
Margaring (n= 55)- _ MA

Canned fish and seafood (n= 387)-

Processed chiled fish products (n=281)-

Unprocessed chilled fish (n=109)-

Canned fruit (n=115)-

Dried fruit (n=279) -

Cried vegetables (n=21)-
Frozen fruit (n= 43) -

Frozen vegetables (n=129)-
Jam and spreads (n= 324)-
MNuts and fruit mixes (n=109)-

Nuts and seeds (n= 432)- |

Animal fat products (n= 69)-
Meat alternatives (n= 158)-

Processed meat and meat spreads (n=1584)-

Unprocessed meat (n=79)-

Mayonnaise and dressings (n= 108)-

Nut spreads (n= 68)-

Sauces (n=785)-
Sweet spreads (n=95)-
‘Vegetable spreads (n=151)-

Snack foods (n= 604)- [

Total (n=17,226)- |

Spearman rho

Fish and fish products

Fruit and vegetables

Meat and meat products

Sauces and spreads

Snack foods

Total

Figure 3. Agreement (% of agreement and Cohen’s Kappa) and correlation (Spearman rho) between

Nutri-Score and Health Star Rating for subcategories. The main categories of the analysed subcategories

are presented on the right. Cut offs ranges for agreement and correlations were as follows (multiplied by
100% for % of agreement): 0-0.20 negligible (red); 0.21-0.40 weak (orange); 0.41-0.60 moderate (yellow);
0.61-0.80 strong (light green); 0.81-1 very strong (dark green); NA—not applicable.
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Figure 4. Average NS and HSR for different types of Cooking oils (A) and Cheeses (B). Special oils
include less common oils (n < 5), such as black cumin oil, apricot oil, and argan oil.

3.4. Accounting for Market Share-Differences

To examine agreement between both profiling models with consideration of market-
share differences of individual foods, we used 12-month national sales data for the year
2020. Sales data were available for 62% (n = 10,724) of the products in our dataset, which
were used for the assessment. Our results highlighted (Supplementary Material S1) that
the food availability does not necessarily reflect the sales. This is not surprising in the
food supply, where some market-leading foods can have magnitudes of higher sales in
comparison to some niche and specialty products. The sale-weighing approach enabled us
to account for these differences, prioritizing market-leading products. After sale-weighting,
categories of Beverages, Bread and bakery products, Convenience foods, Dairy and imitates
and Fruit and vegetables showed higher proportion of healthy products (NS A or B or
HSR > 3.5 *) in comparison to the product availability, while the contrary was observed for
Confectionery, Cereal and cereal products, Fish and fish products, Meat and meat products,
Snack foods and Sauces and spreads. The overall % of agreement between NS and HSR
increased after sale-weighting from 70% to 81%. The percentage of agreement between
models was increased after sale-weighting for 8 out of 12 main categories and for 26 out
of 53 subcategories. The subcategories where agreement notably decreased were Side
dishes (from 67% to 32%), Plain yogurt (from 53% to 33%), Desserts (from 72% to 49%), and
Cooking oils (from 27% to 6%).

4. Discussion

The current study showed that both the NS and HSR profiling models have good
discriminatory abilities and are in very good alignment for most prepacked foods in
the Slovenian food supply. However, there notable differences were observed in some
subcategories, particularly in Cheese and processed cheese and Cooking oils.

Differences in some subcategories affected the overall grading of the food supply.
Using both models, we saw that NS was the stricter model, grading 11% less food supply
as “healthy” in comparison to HSR. The evaluation of the healthiness of the products
in the food supply is investigated in many studies, and is also an indicator of the food
environment and efficiency of public health policies and interventions [40]. The diversity
of nutrient profiling models used in research, and lack of a globally harmonized profiling
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model is limiting comparisons between countries and between different studies, because
models were developed with different priorities [33]. Even for similar nutrient profiling
models, such as NS and HSR, such challenges were noticeable, which emphasizes how
the very choice of the profiling method affects the result. This should be considered when
discussing the healthiness of the products in the food supply.

Overall, NS and HSR showed strong agreement and a very strong correlation. Sim-
ilarities were observed, especially in categories of Beverages. In the year 2020, the HSR
model was adapted for beverages, based on the NS algorithm, which explains very good
alignment in this category. Alignment was also very good in categories of Bread and bakery
products, Convenience foods, Sauces and spreads, Snack foods and for the majority of
Dairy and imitates. For most categories, we observed that even though the grades were
not always equally high, within the category ranking was comparable for both the models.
Differences between NS and HSR mostly resulted from HSR extended scoring scales and
adjustment of the profiling for specific food groups. The effect of extended scoring scales
was particularly noticeable in products with high content of specific nutrients. For example,
Nuts and seeds mostly have high protein and fibre content. Therefore, most products
get maximum points for these attributes when profiling with NS. Using HSR, extended
scales indicate such products can get more positive points, resulting in a greater impact
of these attributes on the grade and overall better grading for this category using HSR
(85% assigned as healthy). The same applies to negative points. Greater penalization of
sugars and saturated fatty acids using HSR resulted in slightly stricter profiling, notable
in Confectionery. Even though extended scales can be an advantage and address some of
the issues that have already been highlighted for NS, caution is required when it comes
to products, for which are very high in energy or some nutrient. Because of high fibre
and protein, Nuts and seeds mostly get a HSR grade of 3.5 * or more (healthier products),
even though some products have added salt or sugar. An extended scale for protein can
also result in relatively high grades of Processed meat and meat products, a controversial
category, for which limited consumption is recommended [41]. In Breakfast cereals, we
observed that the inclusion of positive components, such as dietary fibre and protein, can
“cancel out” the high amount of sugar to some extent. HSR, therefore, rated 51% Breakfast
cereals as healthy, while NS only 37%. While the higher number of star ratings allows
HSR to still distinguish between products within a category, consumers might perceive
higher (“healthier”) ratings differently. Pelly et al. (2020) explored consumers’ perception
of HSR. They reported that even though consumers find HSR useful, some scepticism was
highlighted towards the profiling algorithm, when it came to discretionary foods, which
they felt were often rated too high [42]. Consumers’ trust and support is a key aspect
that can determine efficiency and even survival of the specific FOPNL. Such an example
is the Choices symbol, which was implemented in the Netherland and well known by
more than 90% of Dutch consumers. However, changes in the profiling algorithm, and
particularly the use of modified symbol on discretionary foods, were not well understood
among consumers and criticized extensively by consumer organizations. Loss of credibility
with consumers and the government resulted in phasing out the logo in the Netherland [43].
This indicated that, in addition to discriminatory ability, it is also important to consider
that grading of foods is aligned with the consumer’s logic.

Categories where grading is often exposed as questionable are dairy products and
edible oils [21,44]. Our study also highlighted major differences in the nutrient profiling of
Cheese and processed cheese and Cooking oils between NS and HSR. Differences in these
categories were also found in a study, when a comparison was performed with the WHO
Europe nutrient profiling system [26]. This reflects adjustments in the nutrient profiling,
which were not established to the same extent in different models. For Cooking oils, NS
kept the threshold for the final score based on the profiling of general foods, while adding
positive points in the form of % FVNL for olive, walnut and rapeseed oils, which had the
biggest impact on the overall grading. Meanwhile, HSR changed thresholds for the final
grade, but grading is still based only on the nutritional composition, without consideration
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of the content of specific oil types. The changed thresholds resulted in HSR being a less strict
model and the grading of oils being distributed over all grades, while the NS graded oils
with C or lower, giving the preferences to olive, walnut and rapeseed oil (grade C) ahead of
other oils (grades D and E). NS adjusted the system based on the French Agency for Food,
Environmental and Occupational Health & Safety (Agence nationale de sécurité sanitaire
de l'alimentation, de I'environnement et du travail—ANSES) nutritional recommendations,
which highlighted the advantages of mentioned oils, such as higher content of omega
3 fats and polyphenols [45]. Many stakeholders suggested similar modifications for the
HSR system. After a five-year review, the HSR remained the same with an argument
that the HSR calculator does not consider components such as polyphenols, omega-3 fats,
and vitamins, and it would be inappropriate to highlight these constituents only for the
category of oils [46]. However, HSR does include calcium as an important component
for profiling dairy products, but not in other categories. A customized profiling method
for these products led to HSR having better discriminatory ability especially for Cheese
and processed cheese, distributing products across all grades, while NS mostly graded
such products with less favourable grade D. The inclusion of some micronutrients (i.e.,
potassium) and other components in nutrient profiling has been also encouraged recently
by the European Food Safety Authority (EFSA) [47], but such modifications are challenging,
when it comes to constituents that are not part of mandatory food labelling, and where
estimations would not be reliable. Furthermore, nutrient profiling systems such as the
recently introduced Food Compass [48], which includes 54 attributes, can be very complex
for general use; a balance in including additional components is crucial for any model with
the ambition of being implemented into food policies.

Using the sale-weighting approach, we observed that the availability of foods in the
supply does not necessary reflect the sales. Moreover, adjusting for market-share differ-
ences by sale-weighting notably affected the agreement between models. Sale-weighting
deepened the differences, especially in food categories with lower agreement between
models. This was most notable in Cooking oils, where sunflower oils and mixed vegetable
oils have the largest market share, but grades for these oils differ notably between models
(mostly D for NS, and 3.5-4 * for HSR). Sales data included in our study only covered the
number of products sold in a year, which did not involve information on what impacted
the sales and purchasing decisions of consumers. Normalizing such data based on brand
marketing, price of a product, product packaging, taste, etc. would not only give us further
insight into consumers decision but would also be valuable for FOP research. It would be
especially beneficial for examining the use of FOP as a marketing tool and how different
FOP schemes agree in this context.

The European Scientific Committee recently issued a report, which suggested further
updates of the NS algorithm [49]. Based on this report, NS will change the algorithm
for solid foods more similarly to HSR. The scales will be extended for most nutrients,
which should enable NS to be more aligned with nutritional recommendations. The
update also addresses some challenges exposed in this study, for example for cooking
oils, cheese, and nuts and seeds, which will be able to get a higher grade. The report also
announced further changes in the category of beverages, which are still under revision
and should be published soon. Even though we observed that NS and HSR are mostly
aligned for beverages, differences were observed in the discriminatory ability of flavoured
waters, some juices, and beverages with non-caloric sweeteners. Recent studies based on a
French NutriNet-Santé cohort showed that the intake of non-caloric sweeteners could be
potentially associated with increased cardiovascular risk and increased cancer risk [50,51].
Together with the increasing consumption of beverages with non-caloric sweeteners [52]
and unfavourable WHO opinion in the draft guidelines [53], changes in the NS algorithm
could be expected for these beverages.

The main advantages of this study are the use of a large representative dataset of
prepacked products (n = 17,226) and the performance of a comparison of NS and HSR
across the whole food supply, which was not examined before. Furthermore, access to
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12-month nation-wide sales data on the product level enabled us to also account huge
market-share differences in the food supply.

The study limitations also need to be noted. Nutritional composition data needed
for nutrient profiling were not always available for all parameters. Therefore, data such
as dietary fibre content, % FVNL, and calcium content were estimated with the use of
previously established methods. Furthermore, while sales data were available for the
majority of foods, this was not the case for some foods—particularly for those marketed
in discount stores. To avoid methodological mistakes, we compared the distribution of
the whole sample with the dataset for which sales data were available, and no notable
differences were found. Such an approach was also used previously [26]. We should also
mention that we combined ten HSR grades into five to enable more meaningful comparison
between NS and HSR. This was done based on the previous methodology and was also
considered in the interpretation of the results. Finally, we should mention that NS and
HSR were developed for two different markets, in different continents, with somewhat
different dietary patterns, food supply, and public health priorities. The selection of a tested
branded food dataset (in our case, this was a branded food dataset, compiled in Slovenia as
an European Union country) therefore affected the study results. Since both models are
gaining interest in other markets (HSR in India [54], and NS in Latin America [55]), further
studies in other food environments would be useful.

5. Conclusions

This study highlighted the high discriminatory ability of two grading FOPNL schemes
(NS and HSR) in most food (sub)categories. Both FOPNL models are highly compliant,
with a few divergences in some subcategories. We observed that even though these two
models do not always grade products equally high, the trend of ranking is mostly similar.
However, the observed differences highlighted some challenges in the rating systems.
Major differences were observed in categories Cooking oils and Cheese and processed
cheese. Sales data showed that sales do not always follow the offer, which sometimes
resulted in deepened differences between FOPNL schemes after accounting market-share
data. International harmonization can support the further development of grading type
nutrient profiling models for use in FOPNL, and make those acceptable for more stake-
holders, which will be crucial for their successful regulatory implementation as part of
efficient and useful food labelling.

This study also highlighted challenges in monitoring pre-packed products and ex-
amining the use of FOPNL schemes on real-life data. Missing and non-sufficient data
limit comparison between different FOPNLs, which is especially evident in more complex
nutrient profiling schemes.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/ijerph20053980/s1, Supplementary Material S1: Offering and sales-weighted
distribution and alignment between Nutri-Score and Health Star Rating across 2020 Slovenian food supply.

Author Contributions: Conceptualization, I.P; data analyses; E.H.; methodology, L.P. and E.H.;
formal analysis, E.H.; writing—original draft preparation, E.H.; manuscript writing—review and
editing: I.P. All authors have read and agreed to the published version of the manuscript.

Funding: Data collections for this study were conducted by the Nutrition Institute (Ljubljana, Slovenia)
within the national research programme “Nutrition and Public Health” (P3-0395) and “Infrastructure
programme for monitoring of the composition and labelling of foods” (I0-0054)—funded by the Slove-
nian Research Agency, and within the Food Nutrition Security Cloud project (FNS-Cloud), which
has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(H2020-EU.3.2.2.3.—A sustainable and competitive agri-food industry) under Grant Agreement No.
863059. Information and views in this report do not necessarily reflect the official opinion or position of
the European Union. Neither European Union institutions and bodies nor any person acting on their
behalf may be held responsible for the use that may be made of the information contained herein.


https://www.mdpi.com/article/10.3390/ijerph20053980/s1
https://www.mdpi.com/article/10.3390/ijerph20053980/s1

Int. |. Environ. Res. Public Health 2023, 20, 3980 14 of 16

Data Availability Statement: The datasets presented in this article are not readily available because
restrictions apply. The raw data supporting the conclusions of this article will be made available by
the authors without undue reservation (without disclosure of specific brands or retailers).Sales data
were obtained for internal use only and can be ordered directly from retailers. Requests to access the
datasets should be directed to Igor Pravst (igor.pravst@nutris.org).

Acknowledgments: The authors would like to thank the retailers for granting access to their stores
to collect data for the study, and to provide sales data. We also acknowledge support of Masa
Hribar, Sanja Krusi¢, Hristo Hristov, Ziva LavriSa, Anita Kugar and Katja Zmitek (Nutrition Institute,
Ljubljana, Slovenia) for their participation in the performance of food supply studies, as well as
of the students from the Biotechnical Faculty (University of Ljubljana), Faculty of Health Sciences
(University of Primorska) and BIC (Ljubljana) for their help in the data collection.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results. Igor Pravst has led and participated in various other research
projects in the area of nutrition, public health, and food technology, which were (co)funded by
the Slovenian Research Agency, Ministry of Health of the Republic of Slovenia, the Ministry of
Agriculture, Forestry and Food of the Republic of Slovenia, and in case of specific applied research
projects, also by food businesses.

References

1. Pagliai, G.; Dinu, M.; Madarena, M.P.; Bonaccio, M.; Iacoviello, L.; Sofi, F. Consumption of ultra-processed foods and health
status: A systematic review and meta-analysis. Br. ]. Nutr. 2020, 125, 308-318. [CrossRef] [PubMed]

2. WHO. Global Strategy on Diet, Physical Activity and Health. Available online: https:/ /www.who.int/publications/i/item /9241
592222 (accessed on 25 July 2022).

3. Juul, E; Hemmingsson, E. Trends in consumption of ultra-processed foods and obesity in Sweden between 1960 and 2010. Public
Health Nutr. 2015, 18, 3096-3107. [CrossRef] [PubMed]

4. Julia, C; Martinez, L.; Alles, B.; Touvier, M.; Hercberg, S.; Méjean, C.; Kesse-Guyot, E. Contribution of ultra-processed foods in
the diet of adults from the French NutriNet-Santé study. Public Health Nutr. 2017, 21, 27-37. [CrossRef]

5. Mertens, E.; Colizzi, C.; Pefialvo, J.L. Ultra-processed food consumption in adults across Europe. Eur. |. Nutr. 2022, 61, 1521-1539.
[CrossRef] [PubMed]

6.  Martini, D.; Godos, ]J.; Bonaccio, M.; Vitaglione, P.; Grosso, G. Ultra-Processed Foods and Nutritional Dietary Profile: A Meta-
Analysis of Nationally Representative Samples. Nutrients 2021, 13, 3390. [CrossRef] [PubMed]

7. Temple, N.J. A Comparison of Strategies to Improve Population Diets: Government Policy versus Education and Advice. J. Nutr.
Metab. 2020, 2020, 5932516. [CrossRef]

8. WHO. Guiding Principles and Framework Manual for Front-of-Pack Labelling for Promoting Healthy Diets. Available online:
https:/ /www.who.int/publications/m/item/guidingprinciples-labelling-promoting-healthydiet (accessed on 13 April 2021).

9.  European Commission. Farm to Fork Strategy. Available online: https://ec.europa.eu/food/sites/food/files/safety/docs/f2f
action-plan_2020_strategy-info_en.pdf (accessed on 13 April 2021).

10. Storcksdieck genannt Bonsmann, S.; Marandola, G.; Ciriolo, E.; van Bavel, R.; Wollgast, ]. Front-of-Pack Nutrition Labelling
Schemes—A Comprehensive Review; European Commission, EU Publications: Luxembourg, 2020.

11.  Roberto, C.A.; Ng, S.W.; Ganderats-Fuentes, M.; Hammond, D.; Barquera, S.; Jauregui, A.; Taillie, L.S. The Influence of Front-of-
Package Nutrition Labeling on Consumer Behavior and Product Reformulation. Annu. Rev. Nutr. 2021, 41, 529-550. [CrossRef]

12.  Vlaev, I; King, D.; Dolan, P,; Darzi, A. The Theory and Practice of “Nudging”: Changing Health Behaviors. Public Adm. Rev. 2016,
76, 550-561. [CrossRef]

13. Talati, Z.; Pettigrew, S.; Kelly, B.; Ball, K.; Dixon, H.; Shilton, T. Consumers’ responses to front-of-pack labels that vary by
interpretive content. Appetite 2016, 101, 205-213. [CrossRef]

14. Talati, Z.; Egnell, M.; Hercberg, S.; Julia, C.; Pettigrew, S. Food Choice under Five Front-of-Package Nutrition Label Conditions:
An Experimental Study across 12 Countries. Am. J. Public Health 2019, 109, 1770-1775. [CrossRef]

15. Egnell, M,; Talati, Z.; Galan, P.; Andreeva, V.A ; Vandevijvere, S.; Gombaud, M.; Dréano-Trécant, L.; Hercberg, S.; Pettigrew, S.;
Julia, C. Objective understanding of the Nutri-score front-of-pack label by European consumers and its effect on food choices: An
online experimental study. Int. |. Behav. Nutr. Phys. Act. 2020, 17, 146. [CrossRef] [PubMed]

16. European Parliament. Proposal for a Harmonized Mandatory Front-of-Pack Nutrition Labelling /before 2023-1. Available on-
line: https:/ /www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/ file-mandatory- front-of-pack-nutrition-
labelling (accessed on 25 July 2022).

17.  Julia, C; Fialon, M.; Galan, P.; Deschasaux, M.; Andreeva, V.A.; Kesse-Guyot, E.; Touvier, M.; Hercberg, S. Are foods ‘healthy’ or

‘healthier’? Front of pack labelling and the concept of healthiness applied to foods. Br. . Nutr. 2021, 127, 948-952. [CrossRef]
[PubMed]


igor.pravst@nutris.org
http://doi.org/10.1017/S0007114520002688
http://www.ncbi.nlm.nih.gov/pubmed/32792031
https://www.who.int/publications/i/item/9241592222
https://www.who.int/publications/i/item/9241592222
http://doi.org/10.1017/S1368980015000506
http://www.ncbi.nlm.nih.gov/pubmed/25804833
http://doi.org/10.1017/S1368980017001367
http://doi.org/10.1007/s00394-021-02733-7
http://www.ncbi.nlm.nih.gov/pubmed/34862518
http://doi.org/10.3390/nu13103390
http://www.ncbi.nlm.nih.gov/pubmed/34684391
http://doi.org/10.1155/2020/5932516
https://www.who.int/publications/m/item/guidingprinciples-labelling-promoting-healthydiet
https://ec.europa.eu/food/sites/food/files/safety/docs/f2f_action-plan_2020_strategy-info_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/f2f_action-plan_2020_strategy-info_en.pdf
http://doi.org/10.1146/annurev-nutr-111120-094932
http://doi.org/10.1111/puar.12564
http://doi.org/10.1016/j.appet.2016.03.009
http://doi.org/10.2105/AJPH.2019.305319
http://doi.org/10.1186/s12966-020-01053-z
http://www.ncbi.nlm.nih.gov/pubmed/33213459
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-mandatory-front-of-pack-nutrition-labelling
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-mandatory-front-of-pack-nutrition-labelling
http://doi.org/10.1017/S0007114521001458
http://www.ncbi.nlm.nih.gov/pubmed/33947488

Int. |. Environ. Res. Public Health 2023, 20, 3980 15 of 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

Julia, C.; Hercberg, S.; World Health Organization. Development of a new front-of-pack nutrition label in France: The five-colour
Nutri-Score. Public Health Panor. 2017, 3, 712-725.

Dunford, E.K.; Ni Mhurchu, C.; Huang, L.; Vandevijvere, S.; Swinburn, B.; Pravst, L; Tolentino-Mayo, L.; Reyes, M.; L’Abbe, M.;
Neal, B.C. A comparison of the healthiness of packaged foods and beverages from 12 countries using the Health Star Rating
nutrient profiling system, 2013-2018. Obes. Rev. 2019, 20 (Suppl. 2), 107-115. [CrossRef] [PubMed]

Rayner, M.; Scarborough, P.; Lobstein, T. The UK Ofcom Nutrient Profiling Model. Available online: https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file /216094 /dh_123492.pdf (accessed on 24 June 2022).
Katsouri, E.; Magriplis, E.; Zampelas, A.; Drosinos, E.H.; Nychas, G.-J. Dietary Intake Assessment of Pre-Packed Graviera Cheese
in Greece and Nutritional Characterization Using the Nutri-Score Front of Pack Label Scheme. Nutrients 2021, 13, 295. [CrossRef]
Wellard, L.; Hughes, C.; Watson, W.L. Investigating nutrient profiling and Health Star Ratings on core dairy products in Australia.
Public Health Nutr. 2016, 19, 2860-2865. [CrossRef]

Pravst, L; Hribar, M.; Zmitek, K.; BlaZica, B.; Korousi¢ Seljak, B.; Kusar, A. Branded Foods Databases as a Tool to Support Nutrition
Research and Monitoring of the Food Supply: Insights From the Slovenian Composition and Labeling Information System. Front.
Nutr. 2022, 8, 1077. [CrossRef]

Dunford, E.; Webster, J.; Metzler, A.B.; Czernichow, S.; Ni Mhurchu, C.; Wolmarans, P.; Snowdon, W.; L’Abbe, M.; Li, N.;
Maulik, PK; et al. International collaborative project to compare and monitor the nutritional composition of processed foods.
Eur. ]. Prev. Cardiol. 2012, 19, 1326-1332. [CrossRef]

European Commission. Regulation (EU) No 1169/2011 of the European Parliament and of the Council of 25 October 2011 on
the Provision of Food Information to Consumers. Available online: https:/ /eur-lex.europa.eu/legal-content/EN/TXT/?uri=
CELEX%3A32011R1169 (accessed on 10 April 2022).

Hafner, E.; Pravst, I. Evaluation of the Ability of Nutri-Score to Discriminate the Nutritional Quality of Prepacked Foods Using a
Sale-Weighting Approach. Foods 2021, 10, 1689. [CrossRef]

European Commission. Council Directive 2001/112/EC of 20 December 2001 Relating to Fruit Juices and Certain Similar Products
Intended for Human Consumption. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT /?uri=celex%3A32001
L0112 (accessed on 10 April 2022).

European Commission. Council Directive 2001/113/EC of 20 December 2001 Relating to Fruit Jams, Jellies and Marmalades and
Sweetened Chestnut Purée Intended for Human Consumption. Available online: https:/ /eur-lex.europa.eu/legal-content/EN/
TXT /?uri=celex%3A32001L0113 (accessed on 10 April 2022).

French Public Health Agency. Nutri-Score Frequently Asked Questions—Scientific & Technical. Available online: https://www.
santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles /nutri-score (accessed on 21 May 2022).
Front-of-Pack Labelling Secretariat. Health Star Rating System: Calculator and Style Guide. Available online: http://www.
healthstarrating.gov.au/internet/healthstarrating /publishing.nsf/Content/guide-for-industry (accessed on 21 April 2022).
OPKP (Open Platform for Clinical Nutrition). Available online: http://opkp.si/en_GB/cms/vstopna-stran (accessed on 25 May 2022).
National Institute for Health and Welfare. Fineli—National Food Composition Database in Finland. Available online: https:
/ /fineli.fi/fineli/en/index (accessed on 25 May 2022).

Pivk Kupirovi¢, U.; Hristov, H.; Hribar, M.; Lavrisa, 7.; Pravst, L Facilitating Consumers Choice of Healthier Foods: A Comparison
of Different Front-of-Package Labelling Schemes Using Slovenian Food Supply Database. Foods 2020, 9, 399. [CrossRef]
Dunford, E.K.; Huang, L.; Peters, S.AE.; Crino, M.; Neal, B.C.; Ni Mhurchu, C. Evaluation of Alignment between the Health
Claims Nutrient Profiling Scoring Criterion (NPSC) and the Health Star Rating (HSR) Nutrient Profiling Models. Nutrients 2018,
10, 1065. [CrossRef] [PubMed]

Labonté, M.-E.; Poon, T.; Mulligan, C.; Bernstein, J.T.; Franco-Arellano, B.; L’Abbé, M.R. Comparison of global nutrient profiling
systems for restricting the commercial marketing of foods and beverages of low nutritional quality to children in Canada. Am. J.
Clin. Nutr. 2017, 106, 1471-1481. [CrossRef] [PubMed]

Dréano-Trécant, L.; Egnell, M.; Hercberg, S.; Galan, P.; Soudon, J.; Fialon, M.; Touvier, M.; Kesse-Guyot, E.; Julia, C. Performance
of the Front-of-Pack Nutrition Label Nutri-Score to Discriminate the Nutritional Quality of Foods Products: A Comparative
Study across 8 European Countries. Nutrients 2020, 12, 1303. [CrossRef] [PubMed]

Prion, S.; Haerling, K.A. Making Sense of Methods and Measurement: Spearman-Rho Ranked-Order Correlation Coefficient. Clin.
Simul. Nurs. 2014, 10, 535-536. [CrossRef]

Food and Agriculture Organization of United Nations. General Standard for Cheese. Available online: https://www.fao.org/
fao-who-codexalimentarius/sh-proxy/en/?Ink=1&url=https%253 A%252F%252Fworkspace.fao.org %252Fsites %252Fcodex%
252FStandards%252FCXS%2B283-1978%252FCXS_283e.pdf (accessed on 25 May 2022).

Food and Agriculture Organization of United Nations. Standard for Named Vegetable Oils. Available online: https:
/ /www.fao.org/fao-who-codexalimentarius/sh-proxy/ar/?Ink=1&url=https %253 A%252F%252Fworkspace.fao.org %25
2Fsites%252Fcodex%252FStandards %252FCXS%2B210-1999%252FCXS_210e.pdf (accessed on 25 May 2022).

Drewnowski, A. Uses of nutrient profiling to address public health needs: From regulation to reformulation. Proc. Nutr. Soc. 2017,
76,220-229. [CrossRef] [PubMed]

International Agency for Research on Cancer. Red Meat and Processed Meat; IARC: Lyon, France, 2018; Volume 114.

Pelly, EE.; Swanepoel, L.; Rinella, J.; Cooper, S. Consumers’ Perceptions of the Australian Health Star Rating Labelling Scheme.
Nutrients 2020, 12, 704. [CrossRef] [PubMed]


http://doi.org/10.1111/obr.12879
http://www.ncbi.nlm.nih.gov/pubmed/31328385
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/216094/dh_123492.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/216094/dh_123492.pdf
http://doi.org/10.3390/nu13020295
http://doi.org/10.1017/S1368980016000975
http://doi.org/10.3389/fnut.2021.798576
http://doi.org/10.1177/1741826711425777
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32011R1169
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32011R1169
http://doi.org/10.3390/foods10081689
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0112
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0112
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0113
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32001L0113
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles/nutri-score
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles/nutri-score
http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/guide-for-industry
http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/guide-for-industry
http://opkp.si/en_GB/cms/vstopna-stran
https://fineli.fi/fineli/en/index
https://fineli.fi/fineli/en/index
http://doi.org/10.3390/foods9040399
http://doi.org/10.3390/nu10081065
http://www.ncbi.nlm.nih.gov/pubmed/30103402
http://doi.org/10.3945/ajcn.117.161356
http://www.ncbi.nlm.nih.gov/pubmed/29070562
http://doi.org/10.3390/nu12051303
http://www.ncbi.nlm.nih.gov/pubmed/32370277
http://doi.org/10.1016/j.ecns.2014.07.005
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B283-1978%252FCXS_283e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B283-1978%252FCXS_283e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B283-1978%252FCXS_283e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ar/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B210-1999%252FCXS_210e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ar/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B210-1999%252FCXS_210e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ar/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B210-1999%252FCXS_210e.pdf
http://doi.org/10.1017/S0029665117000416
http://www.ncbi.nlm.nih.gov/pubmed/28595659
http://doi.org/10.3390/nu12030704
http://www.ncbi.nlm.nih.gov/pubmed/32155877

Int. |. Environ. Res. Public Health 2023, 20, 3980 16 of 16

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

Roodenburg, A.J.C. Nutrient profiling for front of pack labelling: How to align logical consumer choice with improvement of
products? Proc. Nutr. Soc. 2017, 76, 247-254. [CrossRef] [PubMed]

Delhomme, V. Front-of-pack nutrition labelling in the European Union: A behavioural, legal and political analysis. Eur. J. Risk
Regul. 2021, 12, 825-848. [CrossRef]

Santé Publique France. Recommendations Concerning Diet, Physical Activity and Sedentary Behaviour for Adults. Avail-
able online: https://www.santepubliquefrance.fr/determinants-de-sante /nutrition-et-activite-physique/documents /rapport-
synthese/recommandations-relatives-a-l-alimentation-a-1-activite-physique-et-a-la-sedentarite-pour-les-adultes (accessed on 19
September 2022).

Mpconsulting. Health Star Rating System Five Year Review Report. Available online: http://www.healthstarrating.gov.
au/internet/healthstarrating/publishing.nsf/Content/D1562 A A78 A574853C A2581BD00828751 / $File /Health-Star-Rating-
System-Five-Year-Review-Report.pdf (accessed on 19 September 2022).

EFSA Panel on Nutrition. Scientific advice related to nutrient profiling for the development of harmonised mandatory front-
of-packnutrition labelling and the setting of nutrient profiles for restricting nutrition and health claims on foods. EFSA J. 2022,
20, 7259.

Mozaffarian, D.; El-Abbadi, N.H.; O’'Hearn, M.; Erndt-Marino, J.; Masters, W.A.; Jacques, P.; Shi, P.; Blumberg, ].B.; Micha, R.
Food Compass is a nutrient profiling system using expanded characteristics for assessing healthfulness of foods. Nat. Food 2021,
2, 809-818. [CrossRef]

Scientific Committee of the Nutri-Score. Update of the Nutri-Score Algorithm. Available online: https://solidarites-sante.gouv.
fr/IMG/pdf/maj__rapport_nutri-score_rapport__algorithme_2022_.pdf (accessed on 19 September 2022).

Debras, C.; Chazelas, E.; Sellem, L.; Porcher, R.; Druesne-Pecollo, N.; Esseddik, Y.; de Edelenyi, FS.; Agaésse, C.; De Sa, A.;
Lutchia, R; et al. Artificial sweeteners and risk of cardiovascular diseases: Results from the prospective NutriNet-Santé cohort.
BM]J 2022, 378, €071204. [CrossRef] [PubMed]

Debras, C.; Chazelas, E.; Srour, B.; Druesne-Pecollo, N.; Esseddik, Y.; de Edelenyi, ES.; Agaésse, C.; De Sa, A.; Lutchia, R,;
Gigandet, S.; et al. Artificial sweeteners and cancer risk: Results from the NutriNet-Santé population-based cohort study. PLoS
Med. 2022, 19, e1003950. [CrossRef] [PubMed]

Hafner, E.; Pravst, I. The Sharp Rise in the Use of Low- and No-Calorie Sweeteners in Non-Alcoholic Beverages in Slovenia: An
Update Based on 2020 Data. Front. Nutr. 2021, 8, 778178. [CrossRef] [PubMed]

WHO. WHO Draft Guideline: Use of Non-Sugar Sweeteners. Available online: https://www.who.int/news-room/articles-
detail /online-public-consultation-draft-guideline-on-use-of-non-sugar-sweeteners (accessed on 19 September 2022).

Bhatt, N. Health experts cry foul as food industry targets India’s ripe market. BMJ 2022, 377, 01382. [CrossRef]

Mora-Garcia, C.A.; Tobar, L.F,; Young, ].C. The Effect of Randomly Providing Nutri-Score Information on Actual Purchases in
Colombia. Nutrients 2019, 11, 491. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1017/S0029665117000337
http://www.ncbi.nlm.nih.gov/pubmed/28857018
http://doi.org/10.1017/err.2021.5
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/recommandations-relatives-a-l-alimentation-a-l-activite-physique-et-a-la-sedentarite-pour-les-adultes
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/recommandations-relatives-a-l-alimentation-a-l-activite-physique-et-a-la-sedentarite-pour-les-adultes
http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/D1562AA78A574853CA2581BD00828751/$File/Health-Star-Rating-System-Five-Year-Review-Report.pdf
http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/D1562AA78A574853CA2581BD00828751/$File/Health-Star-Rating-System-Five-Year-Review-Report.pdf
http://www.healthstarrating.gov.au/internet/healthstarrating/publishing.nsf/Content/D1562AA78A574853CA2581BD00828751/$File/Health-Star-Rating-System-Five-Year-Review-Report.pdf
http://doi.org/10.1038/s43016-021-00381-y
https://solidarites-sante.gouv.fr/IMG/pdf/maj__rapport_nutri-score_rapport__algorithme_2022_.pdf
https://solidarites-sante.gouv.fr/IMG/pdf/maj__rapport_nutri-score_rapport__algorithme_2022_.pdf
http://doi.org/10.1136/bmj-2022-071204
http://www.ncbi.nlm.nih.gov/pubmed/36638072
http://doi.org/10.1371/journal.pmed.1003950
http://www.ncbi.nlm.nih.gov/pubmed/35324894
http://doi.org/10.3389/fnut.2021.778178
http://www.ncbi.nlm.nih.gov/pubmed/34869543
https://www.who.int/news-room/articles-detail/online-public-consultation-draft-guideline-on-use-of-non-sugar-sweeteners
https://www.who.int/news-room/articles-detail/online-public-consultation-draft-guideline-on-use-of-non-sugar-sweeteners
http://doi.org/10.1136/bmj.o1382
http://doi.org/10.3390/nu11030491

	Introduction 
	Materials and Methods 
	Data Sources 
	Product Categorization and Exclusion Process 
	Dealing with Missing Data 
	Calculation of the NS Grade 
	Calculation of the HSR Grade 
	Data Analyses 

	Results 
	Discriminatory Ability and Distribution of Grades across Food Supply 
	Agreement and Correlation between Nutri-Score and Health Star Rating 
	Main Differences in Grading with NS and HSR 
	Accounting for Market Share-Differences 

	Discussion 
	Conclusions 
	References

