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Abstract

The Nestlé Nutritional Profiling System (NNPS) has been developed to guide food and beverage reformulation. The WHO published
guidelines to develop and validate nutrient profiling systems. The objective was to conduct validation tests of the NNPS following principles of
the WHO guidelines. French (Individual and National Survey on food Consumption 2006-2007) and the USA (National Health and Nutrition
Examination Surveys 2011-2012) nationally representative dietary surveys were used. NNPS outcomes (PASS, FAIL, out-of-scope) of foods
were compared with the validated UK Ofcom nutrient profiling system outcomes. Contributions of NNPS outcomes to energy intakes were
compared between diets nutritional quality classes defined by two methods: based on a food-based quality indicator (Programme National
Nutrition Santé Guideline Score in France, Healthy Eating Index 2010 in the USA) or on a combination of three nutrient-based indicators (mean
adequacy ratio, mean excess ratio and energy density). In both countries, food items with a NNPS FAIL outcome had a lower nutritional
quality according to the UK Ofcom, with an overall agreement between the two systems of 75-7 % in France and 68-8% in the USA. In both
countries, a high (respectively, low) contribution of NNPS PASS (respectively, NNPS FAIL) was positively associated with diet healthiness.
Absolute associations were stronger between the contribution of NNPS FAIL products and measures of diet healthiness. Foods and beverages
reaching NNPS standards appeared to have a higher nutritional quality and would be more likely to contribute to healthier diets, mainly linked
to a reduction of nutrients to limit.
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Nutrient profiling (NP) systems are able to classify foodstuffs
relative to each other according to their contribution to balanced
diets”. Those systems, recognised as relevant public health
tools, are developed with the aim to guide consumers towards
healthier food choices® through food labelling®, regulation of
nutrition and health claims®
children®®. For food manufacturers, NP systems can be used in
order to improve the nutritional quality of their product portfo-
lio”®. In view of those many different purposes, currently
available NP systems are based on different algorithms. Some of
them apply the same algorithm to each food (‘across-the-board”),
whereas others are category specific”. Number, type (to
encourage and/or to limit) and level of recommended value for
nutrients to be included in the algorithm, as well as functional
unit (per energy content, grams or portion size), also need to be
defined when developing an NP system"'*'". Finally, the NP
systems’ outcome can be disseminated either as one (or more)
quantitative score(s) or as classes (e.g. PASS and FAIL)

and control of advertising towards

The WHO has published guidelines to develop and validate
NP systems"'®. The comparison of foods classifications pro-
duced by the newly developed NP system with those from an
already validated NP system remain one of the simplest vali-
dation process. Another method for validating NP models is the
assessment of construct validity against healthy and unhealthy
diets""?. This implies to test whether healthy foods (identified
by nutrient profile system tested) make healthy diets, and
unhealthy foods make unhealthy diets using validated measures
of dietary quality.

The Nestlé Nutritional Profiling System (NNPS) has been
designed to guide nutrition-oriented reformulation of foods and
beverages, as described in detail previously™. A previous study
highlighted the potential beneficial effect on the food supply
(especially a reduction of SFA, Na and added sugar) of refor-
mulating foods according to the NNPS in five countries (USA,
UK, France, China and BraziD"®. Two studies using diet
simulation approaches indicated that following the NNPS

Abbreviations: ED, energy density; HEI-2010, Healthy Eating Index 2010; INCA2, Individual and National Survey on Food Consumption 2; MAR, mean
adequacy ratio; MER, mean excess ratio, NHANES, National Health and Nutrition Examination Survey; NNPS, Nestlé Nutritional Profiling System; NP, nutrient

profiling; PNNS-GS, Programme National Nutrition Santé Guideline Score.
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guidelines for food reformulation was associated with positive
impacts in dietary intakes, especially linked to a reduction
of nutrients to limit (energy, SFA, Na and added sugars)
intakes'"*!>. However, neither the comparison of food classi-
fication produced by NNPS with those from an already vali-
dated NP model nor the construct validity test (higher intakes of
foods positively rated by NNPS system are associated with
healthier diets) of this model were carried out.

The objective of this paper was to conduct validation tests of
the NNPS, by comparing its outcomes with the validated UK
Ofcom NP system and by measuring its contribution to dietary
quality in two nationally representative dietary surveys (France
and the USA).

Methods
Databases

Dietary intakes were retrieved from two representative national
dietary surveys conducted in France and the USA (details are
provided in the online Supplementary Figs S1 and S2). For
France, dietary data were derived from the 7-d food records of
the Individual and National Survey on Food Consumption 2
(INCA2) conducted in 20062007 by the French Agency for
Food, Environmental and Occupational Health Safety®. For
the USA, the first 24-h dietary recall of the National Health and
Nutrition Examination Surveys (NHANES) 2011-2012"7 wave
was used. The analysis was conducted on a final sample of 1918
adults (776 men and 1142 women) for France and 5073 adults
(2533 men and 2540 women) for the USA. The use of supple-
ments was not taken into consideration. The two studies were
conducted according to the guidelines laid down in the

Declaration of Helsinki"®’

, and all procedures involving human
subjects were approved by the NCHS Research Ethics Review
Board (Protocol no. 2011-17) for NHANES and the French Data
Protection Authority (Commission Nationale Informatique et
Libertés) for INCA2. Written informed consent was obtained
from all subjects.

The two related food composition tables were used: the
Ciqual 2013 for France"”, complemented with added sugars
estimations based on the methodology proposed by Louie
et al® and using a national average food recipes database,
and the Food National Database for Dietary Surveys (FNDDS)
2011-2012 completed with added sugar contents from the Food
Patterns Equivalents Database for the USA®%?,

In both data sets, each food was categorised into one of the
thirty-five categories of the NNPS®'® by four trained
researchers by (1) identifying the product role in the diet and
(2) grouping products based on similar nutrient composition
and/or challenges in the reformulation process. When cate-
gorisation was not straightforward, allocation to a specific
category was reviewed by the team.

Nutrient profiling systems

All foods and beverages declared to be consumed by INCA2
and NHANES participants were scored against the NNPS and
UK Ofcom NP systems.

The NNPS is a category-specific NP system that sets nutrient
targets per serving as consumed, based on age-adjusted dietary
guidelines®'®. For every thirty-five categories, targets were
defined for energy, total and saturated fats, added sugars and
Na; for some categories, targets for other nutrients such as
protein, fibre and Ca were set according to their specificity (e.g.
Ca target for dairy products). The NNPS outcome is a ‘PASS’ if
all nutritional targets are reached by a product, and a ‘FAIL
otherwise. NNPS categories are defined for packaged food, and
beverage products aimed at the general population, unpro-
cessed fruits, vegetables, meat and fish products are out-of-
scope of the NNPS, as well as alcoholic beverages or products
with regulated composition (e.g. infant formula, medical foods).

NNPS outcomes were compared with the UK Ofcom NP
system, which has been developed in the UK in order to dis-
tinguish ‘healthier’ and ‘less healthy’ foods and drinks for tele-
vision advertising®. This profiling system is considered as
‘across-the-board’ by applying the same algorithm to all pro-
ducts except alcoholic beverages. By calculating the number of
points for ‘negative’ nutrients (energy, saturated fats, total sugar
and Na), which can be offset by points for ‘positive’ nutrients
(fruits and vegetables, fibre and protein), the UK Ofcom defines
a single score. Points are allocated on the basis of the nutritional
content in 100 g of a food product or a drink. On the basis of
this score, the model gives a binary outcome, which determines
whether the food or drink is ‘healthier’ or ‘less healthy’ — that is,
whether the food can be advertised to children or not. Two
threshold levels are set: one for all food products and another
for beverages.

Indicators of nutritional quality of diets

Nutrient intakes of each individual were estimated by matching
food consumption (from INCA2 and NHANES) to food com-
position databases (CIQUAL and FNDDS, respectively). Then,
nutritional quality of diets in each country was assessed using
three nutrient-based diet quality indicators and a country-
specific food-based index. For the latter, the Programme
National Nutrition Santé Guideline Score (PNNS—GS)(Z/') was
applied to French diets, and the Healthy Eating Index 2010
(HEI-2010)*” to US ones. The PNNS-GS is used to estimate the
adherence of a diet to the French Nutrition and Health Program
(PNNS) recommendations by allocating points when the food
consumption is in accordance with the recommendation. It is
between —1 and 15 and was shown to be positively correlated
with better nutrient intakes and nutritional status®". All foods
declared to be consumed by the French participants of the
study were classified into the PNNS categories. Then the
amount of food consumed for each category was estimated for
each individual and points were attributed according to the
PNNS-GS algorithm®®. Because physical activity was not pos-
sible to estimate, the PNNS-GS ranged between —1 and 12-5 in
the present study. The HEI-2010 is a validated measure of diet
quality that assesses conformance to the 2010 Dietary Guide-
lines for Americans®”. It combines twelve components (total
fruit, whole fruit, total vegetables, greens and beans, whole
grains, dairy products, total protein food, seafood and plant
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proteins, fatty acids, refined grains, Na and empty energy
content), whose sum has a maximum of 100 points.

The following daily nutrient-based diet quality indicators
were estimated for each individuals of the two studies: mean
adequacy ratio (MAR), mean excess ratio (MER) and solid
energy density (ED). As previously described®®2®, the MAR
was calculated as the mean percentage of daily recommended
intakes for twenty-two nutrients; each ratio (intake/recom-
mended intake X 100) was truncated at 100 so that a high intake
of one nutrient could not compensate for the low intake of
another. It was used as a positive indicator of nutritional quality.
The MER®” was built similarly to the MAR but included only
nutrients to be restricted (Na, added sugars and SFA). In the
same way as for the MAR, each ratio (intake/recommended
intake X 100) could not go under 100, so that a low intake of a
nutrient could not compensate for the high intake of another. It
thus correlates positively with bad nutritional quality. The ED
was calculated by dividing solid dietary weight (g) by energy
intake (kJ (kcal)) coming from solid foods for each indivi-
dual®. Dietary ED was used as an indicator of bad nutritional
quality, as decreasing the ED of the diet is recommended by
several public health authorities® % to prevent obesity and
obesity-associated disease conditions?.

Statistical analysis

The analysis was split into a food- and a diet-based description
(Table 1).

At the food level, the nutrient compositions of foods were
used to estimate the UK Ofcom score distributions across NNPS
PASS, FAIL and out-of-scope products. The effect of the NNPS
classification on the UK Ofcom score was tested either with
Welch or usual ANOVA according to the outcome of the
Levene’s test of homogeneity of variances. The UK Ofcom score
was then transformed into its binary outcome to test the
agreement between NNPS and UK Ofcom binary outcomes.
The k coefficient®® was computed and its difference with 0 was
tested.

At a diet level, individuals of both countries were classified
according to two methodologies: first, the individual MAR, MER
and ED scores were compared with their respective country-
and sex-specific medians and each individual was classified
within four groups of gradual nutritional quality (Chigh’, ‘inter-
mediate +’, ‘intermediate —’ and ‘low’)(ss). The nutritional
quality of a diet was defined as ‘high’ if its MAR was above the
median and its MER and ED below their respective medians.
Second, individuals were classified by dividing the sample in
quartiles of food-based diet quality indicators (i.e. PNNS-GS and
HEI-2010). Contributions of NNPS PASS, FAIL and out-of-scope
food items to total energy intakes were compared among those
groups and tested by ANOVA and tendency tests. Finally, the
relations between contributions of NNPS PASS, FAIL and out-of-
scope to total energy intakes and other dietary indicators of
nutritional quality (as well as components of country-specific
food-based index) were assessed through both simple and
multiple (adjustment for age, sex and energy intakes) linear
regressions. The tests were conducted using the statistical
software package SAS version 9.4 and the SURVEYREG, SUR-
VEYMEANS and SURVEYFREQ procedures.

)

Results

In both France and the USA, food items with a NNPS FAIL
outcome had a significantly higher UK Ofcom score than food
items with a PASS outcome (Fig. 1); that is, they were ‘less
healthy’ according to the UK Ofcom measure. In most of the
thirty-five categories, this difference remained, except, for
example, in cakes, cookies and desserts and confectionery bars
in France and cakes, cookies and desserts in the USA (online
Supplementary Fig. S3). NNPS FAIL products also showed a
significantly higher variability of UK Ofcom score than NNPS
PASS products (Fig. 1).

The overall percentage of agreement between binary NNPS
and UK Ofcom classifications was 75-7 % in France and 68-8%
in the USA. k coefficients indicated a moderate (xk=0-47) and a
fair (0-37) agreement, respectively (Table 2). Among categories

Table 1. Validation steps followed, analyses and statistical tests used in France and in the USA

Validation steps Analysis France USA Statistical test

Levene’s test
Welch or ANOVA
k Coefficient

Food level: validation against Relation between NNPS UK — Ofcom score
previously validated NP outcome and ...
system UK — Ofcom binary outcome
Diet level: construct validity
against healthy and

unhealthy diet

Distribution of NNPS PASS/FAIL/ Diets grouped by comparison with specific medians of ANOVA and tendency tests
out-of-scope contribution to their nutrient-based indicators (MAR, MER, ED)
total energy intake in ... Diets grouped by Diets grouped by quartiles of ANOVA and tendency tests
quartiles of food-based  food-based indicator:
indicator: PNNS-GS HEI-2010

Relation between NNPS PASS/
FAIL/out-of-scope contribution
to total energy intake and ...

Nutrient-based indicators of diet quality:
MAR, MER and DE
Components of food- Components of food-based
based indicators indicators HEI-2010
PNNS-GS

Standardised B-coefficients of
linear regression

Standardised B-coefficients of
linear regression

NP, nutrient profiling; NNPS, Nestlé Nutritional Profiling System; MAR, mean adequacy ratio; MER, mean excess ratio; ED, energy density; PNNS-GS, Programme National
Nutrition Santé Guideline Score; HEI-2010, Healthy Eating Index 2010.
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Fig. 1. UK Ofcom score among Nestlé Nutritional Profiling System (NNPS) PASS (ll)/FAIL (Ill)/out-of-scope (Ill) food items in France and the USA. The length of the
box represents the interquartile range (IQR; the distance between the 25th and 75th percentiles). The symbol (#) in the box interior represents the group mean. The
horizontal line in the box interior represents the group median. The horizontal lines outside the box (whiskers) are drawn at maximum value for each group
(respectively, minimum value) or at last value inside Q3+ 1-5x IQR (respectively, first value inside Q1 —1-5x IQR). The points outside the box represent the outliers
(any points that are a distance of more than 1.5xIQR from the box). Within France and the USA, homogeneity of variances among NNPS status was tested using
Levene’s test and mean UK Ofcom scores were statistically compared using general linear models. Both variances and means (two by two comparisons using
Bonferroni’s correction) were significantly different from one NNPS outcome to another in both countries.

Table 2. Nestlé Nutritional Profiling System (NNPS) and UK Ofcom outcome in the different NNPS categories in France and the USA*
(Numbers and percentage of agreement)

France USA
Agreement Agreement

NNPS categories n (%) K P n (%) K P

All 935 757 0-47 <0-0001 3284 68-8 0-37 <0-0001
Milk-based breakfast beverages 0 - - - 1 100.-0 - -

Cereal-based foodst 1 0-0 - - 58 10-3 0-00 -

Complete meals 23 652 0-32 0-0932 362 50-6 0-14 <0-0001
Meats/fishes/replacers (centre of plate) 82 756 0-54 0 543 720 0-44 <0-0001
Small meals (sandwich, burger, etc.) 55 727 0-22 0-0663 320 741 0-40 <0-0001
Side dishes 65 723 0-09 0-6763 423 799 0-44 <0-0001
Asian noodles 0 - - - 0 - - -

Pizza 9 778 0-53 0-1667 59 814 0-43 0-0002
Soups 15 60-0 0-24 0-4667 149 42-3 0-11 0-0034
Cold cuts and spreads 60 883 —-0-03 0-7368 93 90-3 0-14 0-1204
Salty and savoury biscuits 13 53-8 0-13 1-000 103 50-5 0-20 0-0007
Cheeses 102 824 0-08 0-1863 54 68-5 0-13 0-0505
Yogurts and fresh cheeses 49 44.9 0-08 0-2730 32 469 014 0-1218
Dairy product desserts 24 54.2 0-21 0-2589 40 75-0 043 0-0022
Ice creams 6 100-0 - - 46 89-1 0-67 <0-0001
Low-fat ice creams 0 - - - 21 81-0 0-28 0-0668
Water ices and sorbets 1 100-0 - - 8 62-5 0-33 0-2059
Enriched beverages 0 - - - 0 - - -

Culinary sauces 11 727 - - 11 36-4 0-09 0-4611
Milk-based beverages 28 571 —-0-08 1.0000 57 70-2 0-41 0-0012
Malt-based beverages 1 100-0 - - 3 66-7 0-00 -

Cereal-based beverages 0 - - - 4 100-0 - -

Confectionery bars 19 94.7 0-89 0-0002 57 80-7 -0-11 0-4220
Chocolate 17 765 - - 55 69-1 0-07 0-1479
Juice-based beverages 28 60-7 0-24 0-2530 63 88-9 078 <0-0001
Cakes, cookies, desserts 89 83-2 —-0.07 0-4422 315 717 0-09 0-0760
Beverages 90 81-1 0-51 0 125 87-2 0-75 <0-0001
Sugar confectionery 20 40-0 0-11 0-5395 86 52-3 012 0-0629
Dairy product accessories 16 31-3 0-04 1.0000 25 44.0 0-14 0-1736
Dressings 85 100-0 1-00 0-012 68 941 0-48 <0-0001
Mayonnaise 4 750 - - 8 50-0 0-00 -

Cold sauces 9 100-0 - - 31 61-3 0-13 0-4466
Bouillon 5 100-0 1-00 0-1000 17 58-8 017 0-4858
Culinary sauces as accessories 8 87-5 0-71 0-1071 32 90-6 0-61 0-0005
Creamers 0 - - - 15 267 0-00 -

* No percentage of agreement if n 0. No k coefficient and Pvalue if all food items in a category have the same outcome (all PASS or all FAIL).
1 These include porridges and other hot cereal items; ready-to-eat cold cereals were not assessed with the NNPS; other grain products such as pasta, rice and bread were
classified as ‘Side dishes’.
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with five food items or more, the percentage of agreement went
from 31-3 to 100 % in France and from 10-3 to 94-1 % in the USA.
In France (respectively, in the USA), five (respectively 15) k
coefficients were significant. Those coefficients went from 0-51
(moderate agreement) to 1 (almost perfect agreement) in
France and from 0-11 (slight agreement) to 0-78 (substantial
agreement) in the USA (Table 2).

The percentage of energy coming from foods and beverages
in scope of NNPS assessment, that is processed multi-ingredient
food product, was 77 % in France and 84 % in the USA (Table 3).
The MAR was 78-:8 % in France and 77-4 % in the USA, the MER
was 30-4 and 58-6% in France and the USA, respectively, and
solid ED was 724kJ/100g in France and 803kJ/100g in the
USA. The total quantity consumed was 2745 g/d in France and
3614 g/d in the USA.

The proportions of high nutritional quality diets (MAR higher
than median and MER and ED lower than their respective med-
ians) were 6% in France and 9 % in the USA. In both countries, the
contribution to energy intake of NNPS PASS and NNPS out-of-
scope products linearly increased significantly with the increase of
nutritional quality of diets (Fig. 2(a)). In contrast, the contribution
of NNPS FAIL decreased with the increase of the diet quality. In
the high nutritional quality group of eaters, the cumulative con-
tribution of out-of-scope and NNPS PASS foods reached 67 and
70% in France and the USA, respectively, whereas it was only 51
and 34 % in the low nutritional quality group of eaters, respec-
tively. In France and the USA, the contributions of NNPS PASS,
FAIL and out-of-scope food items to total energy intakes were
significantly different between the four quartiles of food-based
indicators — that is PNNS-GS and HEI-2010, respectively (Fig. 2
(b)). The linear tendency of energy coming from each NNPS
outcome was significant in both countries.

In both countries ED and MER were positively correlated with
the contribution of NNPS FAIL food items to total energy intake
and negatively correlated with the contribution of NNPS PASS
and out-of-scope food items (Table 4). In contrast, the MAR and
the PNNS-GS in France and the HEI-2010 in the USA were
positively correlated with the contribution of NNPS PASS and
out-of-scope food items to total energy intake and negatively

correlated with the contribution of FAIL food items to total
energy intake. In France, consumption of starchy foods, alco-
holic and non-alcoholic beverages and fruit and vegetables
were the main PNNS-GS components associated with one or
more of the NNPS outcomes’ contributions. In the USA, almost
all components of HEI-2010 score were associated with the
contribution to energy of NNPS PASS, FAIL or out-of-scope, but
the consumption of empty energy content (i.e. solid fats, alco-
holic beverages and added sugars) was especially correlated
with NNPS PASS and FAIL, and the consumption of refined
grains with out-of-scope (online Supplementary Table S1).

Discussion

By referring to the WHO guidelines to validate NP systems"'? as

a model to test the validity of the NNPS, we showed that the
NNPS classified foods similarly as the validated UK Ofcom NP
system, and that a high (respectively, low) dietary energy
contribution of NNPS PASS (respectively, NNPS FAIL) foods and
beverages was positively associated with diet healthiness in
both France and the USA.

At the food level, the NNPS showed a good convergence with
both the UK Ofcom score (lower Ofcom score in NNPS PASS
than in NNPS FAIL) and the UK Ofcom food classification (75-7
and 68:8% of overall agreement in France and the USA,
respectively). This first validation step was reinforced as the
convergence remained within food categories, demonstrating
the ability of the NNPS to discriminate foods within categories.
The UK Ofcom NP system was chosen as the NP system
reference for several reasons: it was validated using a similar
procedure as the one presented here®® it was applied to dif-
37-39 and it is used in real life today by
the UK broadcasting regulator to limit advertising to children"®.
Moreover, it has been used as inspiration for allowing health
claims on foods in Australia, New Zealand and South Africa?,
for food labelling in Australia, New Zealand and France 142
and for regulating television advertising of foods to children in
Ireland and New Zealand“®. Nonetheless, good agreement

ferent national databases

Table 3. Proportion of women, age and diet characteristics (energy coming from in-scope products, quantity consumed, energy intake

and nutritional quality indicators) of the study samples
(Mean values with their standard errors)

French adults US adults

Sample size (n) 1918 5073
Proportion of women (%) 52-41 50-86

Mean SE Mean SE
Age (years) 47-0 0-37 46-2 0-25
Energy intake coming from in-scope products (%) 770 0-21 841 0-21
Average quantity consumed (g/d) 2745 183 3614 241
Average energy intake (kJ/d) 9347 590 9226 590
Average daily MER (%/d) 30-4 0-36 586 0-54
Average daily MAR (%/d) 788 0-22 774 019
Solid energy density (kJ/100 g) 724 326 803 351
HEI-2010 - 51.5 0-21
PNNS-GS 6-08 0-03 -

MER, mean excess ratio; MAR, mean adequacy ratio; HEI-2010, Healthy Eating Index 2010;

PNNS-GS, Programme National Nutrition Santé Guideline Score.
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Fig. 2. Raw mean contributions of Nestlé Nutritional Profiling System (NNPS) PASS (Ill)/FAIL (lll)/out-of-scope () foods and beverages to total energy intake among
four groups of eaters (nutrient-based quality of diet) (a), and among four groups of eaters (food-based quality of diet) (b) in France and the USA. Contributions were
significantly different between groups of nutritional quality for each grouping method and both countries (raw and adjusted for age, sex and total energy intake; Fisher's
tests). Contributions of each NNPS outcome to energy intake were significantly (P < 0-05) increasing/decreasing linearly between each group of nutritional quality in
both countries (raw and adjusted for age, sex and total energy intake; Wald’s tests). PNNS, Programme National Nutrition Santé; HEI, Healthy Eating Index.

Table 4. Raw and adjusted (for age, sex and total energy intake) standardised -coefficients for the association between contribution of Nestlé Nutritional
Profiling System (NNPS) PASS/FAIL/out-of-scope and indicators of nutritional quality of diets in both countries*

% PASS to total energy intake % FAIL to total energy intake % Out-of-scope to total energy intake
Raw Adjusted Raw Adjusted Raw Adjusted

France

Energy density -0-19 -0-14 0-42 0-32 -0-36 -0-27

MAR 0-08 0-09 -0-21 -0-13 0-20 0-07

MER -0-26 -0-23 0-46 043 -0-31 —-0-29

PNNS-GS 013 0-11 —-0-30 -0-23 0-26 017
USA

Energy density -0-27 -0-22 0-37 0-31 -0-21 -0-18

MAR -0-01t 012 —-0-07 -0-19 0-11 013

MER —-0-34 -0-23 0-55 0-44 —-0-39 -0-35

HEI-2010 0-23 0-21 —-0-43 -0-41 0-35 0-33

MAR, mean adequacy ratio; MER, mean excess ratio; PNNS-GS, Programme National Nutrition Santé Guideline Score; HEI-2010, Healthy Eating Index 2010.
* All standardised p-coefficients were significantly different from zero (P<0.-05), except t.
1 Raw standardised coefficient for contribution of NNPS PASS was not significantly different from zero (P>0-05).
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was challenged within some food categories. For example, in
the ‘cakes, cookies, desserts’ category, the agreement was
actually high (83 % in France and 71 % in the USA), but the high
proportion of both NNPS FAIL (87-6%) and UK Ofcom less
healthy (95-5%) products led to non-significant k coefficient.
This was explained by big variations in portions sizes: while the
NNPS took these differences into account, the Ofcom did not as
it is calculated per 100g. As a result, the variability of UK
OFCOM score was very high in the NNPS FAIL group, which led
to the non-significant results.

At the diet level, higher contributions of NNPS PASS and
lower contributions of NNPS FAIL products to energy intake
were associated with higher diet quality, in both countries
and with all the diet-quality scores (nutrient- or food-based,
expressed in class or in a continuous way). These results sug-
gested that dietary shifts or reformulations towards products
meeting the NNPS standards would result in higher dietary
quality. Yet, trends and correlations with dietary quality were
stronger when considering the contribution of NNPS FAIL
products to energy intakes than when considering the con-
tribution of NNPS PASS products. Similarly, stronger associa-
tions were observed between individual components of the diet
quality indexes and contribution of NNPS FAIL products. These
differences could be explained by characteristics of the NNPS.

First, the NNPS is mainly based on nutrients to limit, with only
twelve categories (out of thirty-five) including positive nutri-
tional factors. Therefore, obtaining a PASS status is more linked
to a lower content of nutrients to limit rather than a higher
nutritional density. This explains the higher associations
observed between the NNPS Pass contributions and the nega-
tive nutrient scores (MER, ED). These results highlight that, in
line with many other reformulation initiatives, the NNPS is
mainly a ‘nutrient-to-limit reformulation™*?
firms previous observations that potential reformulations fol-
lowing NNPS standards would lead to reductions in intakes
of nutrients to limit but would have limited effect on intakes
of fibres and Ca™>. Hence, the more systematic inclusion of
positive nutritional factors, including ingredients or food groups
to be promoted, could allow the NNPS to become a more
‘positive-nutrient reformulation’ system*?. Two specificities of
the NNPS are that it includes total and trans-fat, and fructose in
addition to saturated fats, added sugars and Na as nutrients to
limit, and that all nutrient criteria need to be met to obtain a
PASS status. These characteristics would need to be maintained

system, and con-

to ensure that no substitutions are made between different
sources of fats or sugars when reformulating products.
Second, NNPS categories focus on transformed foods, in
which there is a recipe, as its goal is to guide product refor-
mulation. These categories, defined on the basis of main
ingredients and processing (e.g. freezing, drying and so on), are
not necessarily linked to guidelines that mention separate food
groups irrespective of the degree of processing and of their
combination. In some cases, NNPS PASS foods belong to
categories that are usually not recommended in guidelines, and
are products that can remain carriers of nutrients to limit — for
example, in the cake, cookies and deserts category. As a result,
a higher consumption of an NNPS PASS cookie is likely not to
increase one’s HEI-2010 or PNNS-GS score, and might even

lower these scores (e.g. through the empty energy content
component of the HEI-2010). On the other hand, a higher
contribution of a NNPS FAIL cookie, which is directly linked to
guidelines, would have been captured as such by the diet-
quality scores used in this analysis. Similarly, the NNPS cate-
gorisation explains the stronger association observed between
contribution of NNPS out-of-scope products and diet quality v.
contribution of NNPS PASS products, as most of these out-of-
scope products are ‘raw’ and unprocessed products directly
linked to guidelines as mentioned above. As a result, the further
inclusion of such raw ingredients and unprocessed foods as
new categories or as positive nutritional factors could allow the
NNPS to be better aligned with existing food-based recom-
mendations. In addition, a fewer number of categories could
allow the NNPS to better predict overall dietary quality™®.
Indeed, while traditional reformulation promotes product
transformation or equivalently within-category shifts (e.g. from
sweetened yogurt to unsweetened yogurt), such an approach
was shown not to be sufficient to achieve optimal dietary
quality when following NNPS standards™®. To further assess
the potential contribution of NNPS PASS, FAIL and out-of-scope
products to diets of optimal nutritional quality, and the relative
effect of within- ». between-category shifts, diet modelling
approaches could be used @47

Although the inclusion of two countries increased the robustness
of the study by showing that results were similar in both contexts,
the results should not be compared per se as the two dietary sur-
veys followed different methodologies. As an example, the French
food table is composed by a lower number of foods than in the
USA, which might induce less significant agreement when con-
sidering a food category per food category analysis. The portion
sizes used to categorise foods according to the NNPS algorithm
were based on the Reference Amounts Customarily Consumed
defined in the USA. As no regulated serving size is available in
France, these portion sizes were applied to the French food table,
whereas it is known that French people usually consume smaller
portion sizes than the US—polelation(48). Analysis using serving
sizes derived from French national food surveys might be more
appropriate when considering French data sets. Further, the esti-
mation of intakes varied between the INCA2 and NHANES sur-
veys. The INCA2 7-d food records allowed to limit intra-individual
variability but relied more strongly on participants memory and
may have influenced dietary behaviours during data collection
time“”. On the other hand, the NHANES 24-h recall can limit
misreporting thanks to the Automated Multiple-Pass Method®?,
but using only 1d of data may not reflect individuals usual beha-
viours. We followed the usual survey-specific analyses methods as
the objective was not to compare absolute estimates between the
two surveys but trends across the populations. As recommended
by Subar er al®, we used self-reported energy intakes as
adjustment parameters, and expressed relative contributions of
NNPS PASS/FAIL foods rather than absolute estimates.

At the diet level, indicators of diet quality were not based on
the same standards. For example, the MER appeared to be
higher in the USA (30-4% in France and 58:6% in the USA)
partly because of a difference in dietary reference values for
SFA (10% of energy intake in France, 7% in the USA) and Na
(2365 mg/d for women and 2759 mg/d for men in France and
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2300mg/d in the USA). In addition, the association between
energy contribution of NNPS FAIL products and dietary quality
appeared to be stronger in the USA because individuals in the
low nutritional quality group had a higher contribution of NNPS
FAIL foods in the USA than in France. In contrast, when con-
sidering individuals in the high nutritional quality group, the
contribution of NNPS FAIL to energy intake was similar
between both countries. This suggests high disparities in food
consumption and nutrient intakes in the US population and a
particular need to develop adapted policy strategies to improve
nutritional intakes of individuals with poor dietary habits. These
trends might also be explained by differences in the nutritional
profiles of foods and beverages available in the two countries.
Further investigations ought to assess along harmonised lined
the nutritional quality of food and beverages available to indi-
viduals in different countries.

Conclusion

The good agreement of food classification with UK Ofcom
system and the encouraging outcomes of construct validity tests
against healthy and unhealthy diets in two nationally repre-
sentative surveys suggest that applying the NNPS as a guiding
principle for food reformulation could be a powerful initiative
from the food industry to complement other policies in order to
improve nutritional quality of diets. Nonetheless, the results
highlighted potential options for an evolution of the NNPS,
which would allow this reformulation-oriented system to be
better aligned with current dietary guidelines.
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