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Abstract

Background Both the nutritional quality of the foods consumed (as nutrient composition) and their ultra-processed nature
have been linked to health risks. However, the respective contribution of each of these correlated dimensions or their synergy
to the overall diet quality has been rarely explored.

Objective To identify the respective effects of the nutritional quality of the foods consumed, the ultra-processed nature of
foods and their cross-effect contributing to the overall quality of the diet.

Design Cross-sectional observational study.

Setting Web-based French NutriNet-Santé cohort study.

Participants Participants in the NutriNet-Santé cohort study with at least three available 24 h records as baseline dietary
data (N =98 454 participants).

Main outcome measures The overall quality of the diet (qualified using the adherence to the 2017 French national nutri-
tion and health dietary recommendations dietary score PNNS-GS2) was broken down into: (1) an effect of the nutritional
quality of the foods consumed (qualified using the modified Foods Standards Agency nutrient profile model (underlying
the Nutri-Score) dietary index FSAm-NPS DI); (2) an effect of the ultra-processed nature of the foods consumed (qualified
using the proportion of ultra-processed foods consumed UPFp using the NOVA classification), and (3) a cross-effect of both
dimensions.

Results The overall effect from the ‘nutritional quality of the foods consumed’ (FSAm-NPS DI) was 1.10, corresponding to
26% of the total effect; the overall effect from ultra-processed foods consumption was 1.29, corresponding to 30% of the total
effect; and cross-effect between nutritional quality of the foods consumed and ultra-processing was at 1.91, corresponding
to 44% of total effects.

Conclusions Our study provides support to the postulate that nutritional quality and ultra-processing should be considered
as two correlated but distinct and complementary dimensions of the diet.

Keywords Nutrient composition - Ultra-processed foods - Diet quality

Introduction

Recent developments in nutrition research have highlighted
the importance of taking into account the ultra-processed
nature of food in its relation to health [1-3]. Initially pro-
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countries to include the reduction of ultra-processed foods
in the diet within the framework of dietary guidelines [5-7].

The concept of ultra-processed foods is also highly inter-
twined with research on the corporate influence of large food
companies in defining nutrition policy goals and actions
[8—10]. Developed in part to contrast traditional diets made
predominantly with unprocessed or minimally processed
foods, the concept of ultra-processed foods highlights the
share of the diet from ‘hyper-palatable, highly marketed’
foods, directly referencing how branded, easily accessible
products have shifted dietary patterns towards less healthy
diets [11, 12].

But support for action against ultra-processed foods has
sometimes come in opposition to more established knowl-
edge on the relationship between nutrition and health—
framing research on specific nutrients as ‘reductionism’
[13] claiming that any nutrient-oriented perspective would
advance the agenda of the food industry and come at the
expense of population health [14, 15]. Others have argued
that given that ultra-processed foods are usually higher in
calories, sugars and fat, ultra-processing rather than nutri-
ent composition would cover both dimensions [16].

Yet considering diet exclusively under the perspec-
tive of ultra-processing may be just as reductionist an
approach as considering it only under the perspective of
single nutrients.

Diet is one of the most complex exposures in research
in human health, as food intake combines effects from
nutrients, chemical contaminants, pesticides, level of
processing, formulation (i.e. addition of additives), food
matrix and probably more yet to be uncovered. Yet while
the associations between various nutrients, food groups
or dietary patterns have been the object of nutrition
research for decades with hundreds of epidemiological,
clinical and experimental studies [17-19], we are still in
the early years of identifying and disentangling the vari-
ous effects of these other dimensions of the dietary expo-
some. More importantly, the relative importance of these
various dimensions to characterize diet quality is scarce
to non-existent.

The aim of the present paper was to investigate the rela-
tive contribution of two dimensions of diets, ultra-process-
ing and nutritional quality of the foods consumed in the
characterization of overall diet quality—defined as adher-
ence to dietary guidelines—using a breakdown approach.

Materials and methods
Population

NutriNet-Santé is a web-based cohort study which aim is
to investigate the associations between nutrition and health
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[20]. Participants from the adult French population were
recruited via multi-media campaigns starting in May 2009.
Detailed information is collected at baseline and at least
every year thereafter, using self-administered questionnaires
regarding sociodemographic characteristics [21], lifestyle,
health status (e.g. personal and family history of diseases
and drug use), anthropometric data (height, weight) [22,
23], physical activity [24], and diet. Participants with at
least three validated 24 h-dietary records (N=98 454) were
included in the analysis.

Electronic informed consent is provided by each par-
ticipant at baseline. The NutriNet-Santé study is conducted
according to the Declaration of Helsinki guidelines. It is
registered at ClinicalTrials.gov with number NCT03335644,
and is approved by the Institutional Review Board of the
French Institute for Health and Medical Research (IRB-
Inserm) and the “Commission Nationale de I’Informatique
et des Libertés” (CNIL n°908450/n°909216).

Data collection

Dietary intakes are collected at baseline and every 6 months
using three non-consecutive 24 h-dietary records, randomly
assigned over a 15-day period (2 week-days and 1 one week-
end-day). Participants record on the platform all the foods
and beverages consumed during the 24-h period, providing
details on the portion sizes using validated photographs,
standard serving containers or absolute amounts (in g or
ml) [25].

Average daily dietary intakes were estimated using all
24 h-dietary records provided during the first 2 years of fol-
low-up (in participants with at least three 24-h records avail-
able). Intakes in energy, alcohol, macro-, and micronutrients
were assessed using the NutriNet-Santé food composition
database (providing the nutritional composition of over 3500
items) [26]. Dietary energy under-reporters were excluded
through the Black method, using the Goldberg cut-off [27].
These 24 h-dietary records were validated against an inter-
view by a trained dietitian [28] and against blood and urinary
biomarkers [29, 30].

Nutritional quality of the foods consumed

The FSAm-NPS DI (for modified Food Standards Agency-
Nutrient Profiling System Dietary Index), was used to meas-
ure the overall nutritional quality of the foods consumed,
characterized using the nutrient profile model underpin-
ning the current front-of-pack label Nutri-Score, adopted
in France and in several EU countries since 2017 [31].
Briefly, the FSAm-NPS at the food level provides an overall
assessment of the nutritional quality of the food or beverage
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based on its content for 100 g or ml in unfavourable elements
(energy, sugars, saturated fat and sodium) and favourable
elements (proteins, fibres, percentage of fruit, vegetables,
nuts, legumes and vegetable oils (olive, canola and nut)).
Unfavourable elements are allocated 4+ 0-10 points while
favourable elements — 0—5 points, the sum of which yields
an overall estimate ranging theoretically from — 15 to+40
[32]. Hence, the higher the FSAm-NPS, the lower the nutri-
tional quality of the food or beverage. At the diet level, the
FSAm-NPS DI is computed as the energy-weighted mean of
the foods consumed by the individual [33]. The FSAm-NPS
has been found to provide an adequate reflection of the nutri-
tional quality of the diet, and has been related to a number of
health outcomes, including mortality, cancer, cardiovascular
disease and metabolic syndrome [34-37]. Detailed informa-
tion on the development and validation of the FSAm-NPS
DI can be found elsewhere [33, 38].

Proportion of ultra-processed foods in the diet

The proportion of ultra-processed products in the diet
(UPFp) was assessed using the NOVA classification of
foods, applied to the foods consumed by the individual.
Briefly, NOVA classifies foods into four categories accord-
ing to the degree and purpose of processing, from NOVA1—
unprocessed and minimally processed foods, to NOVA4—
ultra-processed foods (UPFs) [4]. UPFs are defined as food
undergoing extensive physical or chemical transformation,
including industrial ingredients (e.g. high fructose corn
syrup) and/or containing several additives for cosmetic pur-
poses (colouring, texturing, etc.). UPF consumption (as a
percentage in the diet) has been associated to a number of
nutrition-related diseases, including obesity, diabetes and
mortality [39-41]. Foods classified as NOVA 4—UPFs—
were identified, and their contribution to the diet (in absolute
quantities and proportion in weight—UPFp) was computed.
Hence, a higher UPFp represents a higher proportion of
UPFs in the diet, corresponding to a more processed diet.
Detailed information on the development of UPFp has been
published elsewhere [42, 43].

Overall diet quality

Overall diet quality was assessed using an a-priori score of
adherence to the 2017-updated French National food-based
dietary guidelines, the PNNS-GS2 score (for Programme
National Nutrition Santé (National Nutrition and Health)—
Guideline Score 2) [45]. Briefly, the PNNS-GS2 evaluates
the degree of adherence to the French food-based dietary
guidelines, taking into account the 13 main recommenda-
tions stated in the scientific document from the High Council
for Public Health [44]. The 13 components include (1) food
groups to encourage, as adequacy components: fruits and

vegetables, nuts, legumes, whole-grain foods, milk and dairy
products, fish and seafood, added fats (preference towards
plant-based oils); (2) and food groups to limit, as moderation
components: red meat, processed meat, sugary foods, sweet-
tasting beverages, alcoholic beverages and salt. Scoring was
built for adequacy components (0 to 1 point—healthier food
groups) and moderation components (-1 to 0 points—Iess
healthy food groups). PNNS-GS2 was computed for each
participant as the component sub-score multiplied by its
associated weight and divided by its maximum absolute
value and then summing up over all components for a maxi-
mum total of 14.25. Higher PNNS-GS2 reflects a higher
adherence to the 2017 French food-based dietary guidelines.
Detailed description of the PNNS-GS2 score is available
elsewhere [45].

Statistical analysis

Quintiles of PNNS-GS2 were computed, and the average
FSAm-NPS DI and UPFp in quintiles 1 and 5 were used
as input data in a breakdown analysis detailed below and
based on a counterfactual exercise [46]. Quintile 1 of PNNS-
GS1 corresponds to a low adherence to food-based dietary
guidelines, quintile 5 of PNNS-GS2 corresponds to a higher
adherence to food-based dietary guidelines.

To disentangle the effects between ultra-processing
(assessed by the UPFp using the NOVA 4 category) and
nutritional quality of the foods consumed (assessed by
the FSAm-NPS DI) on the characterization of overall diet
quality (outcome variable) the variation of the diet quality
between the two extreme quintile individuals of mPNNS-
GS2 (QI and Q5, quintile 5—higher adherence considered
as the reference) was decomposed into three components:

1. A ‘nutritional quality of foods consumed’ effect that is
the difference in overall diet quality between Q1 and Q5
that results from the difference in the nutritional quality
of the foods consumed. Considering the overall orienta-
tion of the FSAm-NPS DI, with higher scores reflecting
lower nutritional quality of the foods consumed, a posi-
tive difference reflects a higher consumption of foods
with low nutritional quality in participants with lower
adherence to food-based dietary guidelines.

2. An ‘ultra-processed foods consumed’ effect that is the
difference in overall diet quality between Q1 and Q5
resulting from the difference in the ultra-processed
nature of the foods consumed. Considering the construc-
tion of UPFp as a variable, a positive difference reflects
a higher proportion of UPFp in participants with lower
adherence to food-based dietary guidelines.

3. The ‘cross-effect’ of the two, which is the residual varia-
tion in overall diet quality between Q1 and Q5 of PNNS-
GS2 associated with the simultaneous variation of the

@ Springer



160

European Journal of Nutrition (2023) 62:157-164

nutritional quality of foods and their ultra-processed
nature.

Hence, in the hypothesis that all differences in the over-
all diet quality would be explained by the consumption of
ultra-processed foods, effects of the ‘nutritional quality of
the foods consumed’ would be null; conversely, should all
differences in the overall diet quality be associated with the
nutritional quality of the foods consumed, effects of the
‘ultra-processed foods consumed’ would be null.

From a computational standpoint, differences between
quintiles were investigated breaking down the diet into 36
food groups. For each food group, the average ‘nutritional
quality of foods consumed’ was computed as the average
FSAm-NPS DI for the given food group in Q1 and Q5 of
PNNS-GS2; the ‘UPF’ was computed as the percentage
UPFp from the given food group in Q1 and Q5 of PNNS-
GS2. The outcome diet quality variable was constructed as a
multiplication between the average nutritional quality of the
foods consumed in each food group and the average contri-
bution of each food group to the total ultra-processed food
consumption in Q1 and Q5 of PNNS-GS2, as FSAm-NPS
DIx UPFp. Differences between Q1 and QS5 of PNNS-GS2
were computed for each variable: FSAm-NPS DI, UPFp
and FSAm-NPS DI x UPFp. Decomposition in effects of
‘nutritional quality of the foods consumed’ ‘ultra-processed
foods consumed’ and ‘cross-effects’ were computed at the
food group level. Finally, total differences and effects were
obtained as the sum across food group, as described in the
following mathematical expression:

n
A[FSAm — NPSDI X UPFp| | _s = Y FSAm— NPSDI x UPFpj_s,
i=1

1-5)

n
= ) [UPFp;sAFSAm — NPSDIy _s,

i=1

+ AUPFp;_5FSAm — NPSDI;5 + AUPFp;_5yAFSAm — NPSDI;; _s)]

where i=1, n are the food groups, AUPFp;, s, is the vari-
ation in the UPFp of each food group between the first and
last quintile of PNNS-GS2, AFSAm-NPS DI, ) is the vari-
ation in the FSAm-NPS DI of each food group between the
fst and last quintile of PNNS-GS2, UPFp;s is the average
UPFp of each food group in quintile 5 of the PNNS-GS2 and
FSAm-NPS DI is the average FSAm-NPS DI of each food
group in quintile 5 of the PNNS-GS2.

Considering that the unit for the FSAm-NPS DI (and,
therefore, the FSAm-NPS DI x UPFp outcome variable)
cannot be translated as a straightforward amount of nutri-
ent intakes and/or food consumption, the interpretation of
results relies mainly on the relative contribution of each of
the effects for total effects and on the magnitude of effects
relative to total effects for specific food groups.

@ Springer

Of note, while there is a variability in the nutritional qual-
ity of the foods within all food groups, some food groups are
either all ultra-processed (e.g. sugar-sweetened beverages) or
non-ultra-processed (e.g. fruits), in which case ultra-process-
ing effect is by construction null. 95% uncertainty intervals
were obtained with 500 bootstrap iterations.

Sensitivity analyses explored the impact of the num-
ber of food groups into which the diet is decomposed on
results, using 27 food groups instead of 36. Additional sen-
sitivity analyses explored ultra-processed food consumption
expressed in absolute quantities rather than relative contribu-
tion of each food group.

Results

Total sample included 98 454 participants with at least three
dietary records available (Supplemental Fig. 1). Characteris-
tics of the participants included in the analysis is presented
in Supplemental Table 1. Overall, the difference in the pro-
portion of ultra-processed foods consumed between the first
and last quintiles of PNNS-GS2 score was 6.98 percentage
points (from 20.04% of UPFp in quintile 1 to 13.06% UPFp
in quintile 5). The corresponding difference was 3.70 for
FSAm-NPS DI (from an FSAm-NPS-DI of 8.09 in quintile
1 to an FSAm-NPS DI of 4.39 in quintile 5—i.e. higher
FSAm-NPS DI correspond to lower nutritional quality of
the foods consumed in participants with lower adherence to
food-based dietary guidelines).

Total ‘diet quality’ (as FSAm-NPS DIx UPFp) differ-
ence between Q1 and Q5 was 4.31 percentage points. The
overall effect from the ‘nutritional quality of the foods con-
sumed’ (FSAm-NPS DI) was 1.10 (95% uncertainty interval:
1.08-1.12), corresponding to 26% of the total effect; the
overall effect from ultra-processed foods consumption was
1.29 (1.25-1.31), corresponding to 30% of the total effect;
and cross-effects between nutritional quality of the foods
consumed and ultra-processing was at 1.91 (1.85-1.95), cor-
responding to 44% of total effects (Fig. 1).

The food groups which were major drivers for all effects
were processed meat (0.24 associated with nutritional qual-
ity, 0.23 associated with ultra-processing and 0.92 cross-
effects) and pizza and quiche (0.10 associated with nutri-
tional quality, 0.20 associated with ultra-processing and 0.16
cross-effects) (Table 1). In practice, this means that the dif-
ference observed in overall diet quality between low-adher-
ence and high-adherence to guidelines participants for pro-
cessed meat is driven as much by a choice of processed meat
with higher salt and/or fat content (nutritional quality of the
foods effects) as by a selection of ultra-processed products,
the cross-effect of the simultaneous choice of products both
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Fig. 1 Decomposition of effects
between nutritional quality of
the foods consumed, ultra-pro-
cessed foods consumption and
cross-effects—absolute values

Ultra-processing-

Nutritional quality-

Cross-effects-

0.0

of lower nutritional quality and ultra-processed playing a
much larger role.

Nutritional quality effects were further driven by choices
in prepared meals (0.14), biscuits and cakes (0.12). This
means that for these groups, the differences in the overall
diet quality observed between low- and high-adherence par-
ticipants were mainly due to a selection of products with
lower nutritional value within the group. Ultra-processed
foods effects were further driven by choices in biscuits and
cakes (0.26) and sugar-sweetened beverages (0.14). This
means that for these groups, the differences in the overall
diet quality observed between low- and high-adherence par-
ticipants were mainly due to a selection of ultra-processed
products within the group. Cross-effects were further driven
by choices in sugar-sweetened beverages (0.41). This means
that for sugar-sweetened beverages, the simultaneous effects
of the selection of ultra-processed products with lower nutri-
tional value were also of larger importance.

Sensitivity analyses using quantity of ultra-processed foods
consumed rather than contribution or using 27 food groups
rather than 36 yielded similar results (Supplemental Table 2).

Discussion

Overall, our results show that the nutritional quality of
the foods consumed and their ultra-processed nature are
two dimensions that contribute to a substantial degree to
the healthiness of the diet, measured using a-priori-based
approaches of adherence to dietary recommendations.
More importantly, the most important effects observed
were cross-effects between nutritional quality of the foods
consumed and ultra-processed foods, unveiling synergistic
effects of both dimensions.

The FSAm-NPS DI has been found to be associated
with diet quality, with healthier diets associated with

H

05 10 15 2.0

higher consumption of fruit and vegetables, whole-grain
products and fish and lower consumption of alcoholic and
sugar-sweetened beverages and snacking products [33,
38]. Similarly, UPFp has been found to be associated with
similar dietary patterns [43]. At the food level, nutritional
quality and ultra-processing are associated, with higher
contents in sugar, fat or salt being found in ultra-processed
product on average. As an example, 85.6% of foods classi-
fied as ‘less healthy’ in the front-of-pack label Nutri-Score
are considered ultra-processed [47].

However, this correlation is not collinearity, and non-
UPFs can still be high in sugars, salt or fat (e.g. traditional
cheese, home-made cakes) and conversely, some foods low
in harmful nutrients can be ultra-processed (e.g. artificially
sweetened beverages).

Calls for governments to regulate the ultra-process-
ing of foods through marketing restriction or labelling
have been issued [48], and while authors do not address
directly the complementarity of the two dimensions, they
recognize that the final aim for food systems is of ultra-
processed foods to ‘be replaced by processed foods with
limited levels or absence of added salt, sugar or unhealthy
fats’. Tackling the issue will indeed necessitate policies
that cover both the nutrient composition of the food, and
its ultra-processed nature.

While numerous studies have shown that ultra-pro-
cessed food consumption or the nutritional quality of foods
consumed separately were associated with dietary qual-
ity, our study is the first to investigate the contribution of
each dimension to the overall quality of the diet, providing
insights into the relative contribution of each and their
cross-effects.

Limitations to this study should be acknowledged.
First, we used adherence to French dietary guidelines as
a benchmark for diet quality, when other a-priori scores
of diet quality could also have been used. However, this
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Table 1 Decomposition of the differences observed between quintile
1 (low adherence) and quintile 5 (high adherence) of PNNS-GS2 as
effects associated with the nutritional quality of the foods consumed

(FSAm-NPS DI), effects associated with ultra-processed food con-
sumption (UPF) and cross-effects—36 food groups breakdown

Effects associated with nutritional qual- Effects associated with ultra-processed Cross-effects
ity (FSAm-NPS DI) food consumption (UPF)

Offals 0.00 0.00 0.00
Biscuits and cakes 0.12 0.26 0.06
Artificially sweetened beverages 0.00 0.00 0.00
Non-sugared beverages -0.01 0.00 0.00
Sugar-sweetened beverages 0.05 0.14 0.41
Cereal products 0.00 0.00 0.00
Breakfast cereals -0.03 -0.03 0.01
Processed meat 0.24 0.23 0.92
Chocolate products 0.02 0.05 0.01
Confectionery 0.03 0.03 0.01
Dairy desserts 0.09 0.05 0.02
Cheese 0.01 0.02 0.01
Fruit 0.00 0.00 0.00
Dried fruit 0.00 0.00 0.00
Ice cream 0.02 0.03 0.02
Fruit juice 0.00 0.02 0.00
Vegetables 0.05 0.01 -0.01
Legumes 0.01 0.00 0.00
Fats and oils 0.02 0.00 0.00
Fruit nectars 0.00 0.00 0.00
Nuts 0.00 0.00 0.00
Eggs 0.00 0.00 0.00
Bread 0.06 0.00 0.00
Pizza 0.10 0.20 0.16
Prepared meals 0.14 0.06 0.09
Fish and seafood 0.00 0.00 0.00
Potatoes and tubers 0.01 0.01 0.03
Vegetarian substitutes 0.00 0.00 0.00
Appetizers 0.02 0.02 0.02
Milk and dairy 0.03 0.02 -0.01
Sandwich 0.02 0.02 0.06
Soups 0.01 0.00 0.00
Meal substitutes 0.00 0.00 0.00
Meat 0.02 0.03 0.05
Pastries 0.03 0.05 0.03
Sauces and dressings 0.03 0.05 0.02
Total absolute effects 1.10 1.29 191
Total effects are presented in a bold font

a-priori score is validated and relies on recommendations Conclusion

based on effects of dietary components on health [45].
Second, as the FSAm-NPS DI is computed using energy
weightings, the effect of some food groups providing little
energy—like artificially sweetened beverages—could have
been underestimated.

@ Springer

Our study provides support to the contention that nutri-
tional quality and processing should be considered as
two correlated but distinct and complementary dimen-
sions of the diet. As such, interventions to improve diet—
whether reformulation strategies, food labelling, marketing
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restrictions—should include both dimensions, relying on
the potentially synergistic effects obtained.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-022-02970-4.

Acknowledgements The authors warmly thank all the volunteers of
the NutriNet-Santé cohort for their continuous participation in the
study. The authors also thank Cédric Agaesse (Manager), Alexandre
De-Sa and Rebecca Lutchia (Dietitians); Thi Hong Van Duong, Régis
Gatibelza, Jagatjit Mohinder and Aladi Timera (Computer Scientists);
Nicolas Dechamp (Data-Manager/Statisticians); Sandrine Kamdem
(health event validator); and Maria Gomes (participants' support) for
their technical contribution to the NutriNet-Santé Study

Author contributions CJ, PG, SH and EKG conceptualized the study
and defined the analytical strategy. EKG, JB and CJ conducted the
statistical analysis. CJ drafted the manuscript. CJ, JB, MF, SH, PG,
BS, EC, VAA, MT and EKG critically helped in the interpretation of
results, read and revised the manuscript for important intellectual input.
All authors have read and approved the final manuscript. CJ and EKG
have primary responsibility for the final content.

Funding The NutriNet-Santé cohort study was supported by the follow-
ing public institutions: Ministére de la Santé, Santé Publique France,
Institut National de la Santé et de la Recherche Médicale (INSERM),
Institut National de Recherche pour 1'Agriculture, 1'Alimentation et
I'Environnement (INRAE), Conservatoire National des Arts et Métiers
(CNAM) and Université Sorbonne Paris Nord. Study investigators are
independent from the funders. Funders had no role in the study design,
the collection, analysis and interpretation of data, the writing of the
manuscript or the decision to submit the article for publication.

Data availability statement If you are a researcher of a public institu-
tion, you can submit a collaboration request including your institution
and a brief description of your project to collaboration @etude-nutrinet-
sante. All requests will be reviewed by the steering committee of the
NutriNet-Santé study. A financial contribution may be requested. If
the collaboration is accepted, a data access agreement will be neces-
sary and appropriate authorizations from the competent administrative
authorities may be needed. In accordance with existing regulations, no
personal data will be accessible.

Declarations

Conflict of interest The authors report no conflicts of interest.

References

1. Askari M, Heshmati J, Shahinfar H et al (2020) Ultra-processed
food and the risk of overweight and obesity: a systematic review
and meta-analysis of observational studies. Int J] Obes (Lond)
44:2080-2091. https://doi.org/10.1038/s41366-020-00650-z

2. Pagliai G, Dinu M, Madarena MP et al (2020) Consumption of
ultra-processed foods and health status: a systematic review and
meta-analysis. Br J Nutr. https://doi.org/10.1017/S000711452
0002688

3. Srour B, Touvier M (2021) Ultra-processed foods and human
health: what do we already know and what will further research
tell us? EClinicalMedicine 32:100747. https://doi.org/10.1016/].
eclinm.2021.100747

10.

11.

12.

13.

15.

16.

17.

18.

20.

Monteiro CA, Cannon G, Levy RB et al (2019) Ultra-processed
foods: what they are and how to identify them. Public Health
Nutr 22:936-941. https://doi.org/10.1017/S1368980018003762
da Oliveira MS, S, Amparo-Santos L, (2018) Food-based
dietary guidelines: a comparative analysis between the dietary
guidelines for the Brazilian population 2006 and 2014. Public
Health Nutr 21:210-217. https://doi.org/10.1017/S136898001
7000428

Santé Publique France (2019) Recommandations sur
I’alimentation, 1’activité physique & la sédentarité pour les
adultes. Dossier pédagogique.

Monteiro CA, Cannon G, Lawrence M et al (2019) Ultra-pro-
cessed foods, diet quality and health using the NOVA classifica-
tion system. Food and Agriculture Organization of the United
Nations, Rome

Mialon M (2020) An overview of the commercial deter-
minants of health. Global Health. https://doi.org/10.1186/
$12992-020-00607-x

Mariath AB, Martins APB (2020) Ultra-processed food industry
regulation for tackling obesity and diet-related non-communi-
cable diseases in the Brazilian legislature: many proposals, no
enactments. Public Health Nutr. https://doi.org/10.1017/S1368
980020002530

Hunt D (2020) How food companies use social media to influ-
ence policy debates: a framework of Australian ultra-processed
food industry Twitter data. Public Health Nutr. https://doi.org/
10.1017/S1368980020003353

Moubarac J-C, Batal M, Martins APB et al (2014) Processed
and ultra-processed food products: consumption trends in Can-
ada from 1938 to 2011. Can J Diet Pract Res 75:15-21. https://
doi.org/10.3148/75.1.2014.15

Baker P, Machado P, Santos T et al (2020) Ultra-processed
foods and the nutrition transition: global, regional and national
trends, food systems transformations and political economy
drivers. Obes Rev 21:e13126. https://doi.org/10.1111/0br.13126
Fardet A, Rock E (2020) Exclusive reductionism, chronic dis-
eases and nutritional confusion: the degree of processing as
a lever for improving public health. Crit Rev Food Sci Nutr.
https://doi.org/10.1080/10408398.2020.1858751

Scrinis G (2020) Ultra-processed foods and the corporate cap-
ture of nutrition-an essay by Gyorgy Scrinis. BMJ 371:m4601.
https://doi.org/10.1136/bmj.m4601

Fabbri A, Chartres N, Scrinis G, Bero LA (2017) Study sponsor-
ship and the nutrition research agenda: analysis of randomized
controlled trials included in systematic reviews of nutrition
interventions to address obesity. Public Health Nutr 20:1306—
1313. https://doi.org/10.1017/S1368980016003128

Martinez Steele E, Baraldi LG, da Louzada MLC et al (2016)
Ultra-processed foods and added sugars in the US diet: evidence
from a nationally representative cross-sectional study. BMJ
Open 6:¢009892. https://doi.org/10.1136/bmjopen-2015-009892
GBD 2017 Diet Collaborators (2019) Health effects of dietary
risks in 195 countries, 1990-2017: a systematic analysis for the
global burden of disease study 2017. Lancet 393:1958-1972.
https://doi.org/10.1016/S0140-6736(19)30041-8

GBD 2019 Risk Factors Collaborators (2020) Global burden of 87
risk factors in 204 countries and territories, 1990-2019: a system-
atic analysis for the global burden of disease study 2019. Lancet
396:1223-1249. https://doi.org/10.1016/S0140-6736(20)30752-2

. World Cancer Research Fund, American Institute for Cancer

Research Diet, Nutrition, Physical Activity and Cancer: a Global
Perspective. The Third Expert Report. WCRF

Hercberg S, Castetbon K, Czernichow S et al (2010) The Nutrinet-
Santé Study: a web-based prospective study on the relationship
between nutrition and health and determinants of dietary patterns

@ Springer


https://doi.org/10.1007/s00394-022-02970-4
https://doi.org/10.1038/s41366-020-00650-z
https://doi.org/10.1017/S0007114520002688
https://doi.org/10.1017/S0007114520002688
https://doi.org/10.1016/j.eclinm.2021.100747
https://doi.org/10.1016/j.eclinm.2021.100747
https://doi.org/10.1017/S1368980018003762
https://doi.org/10.1017/S1368980017000428
https://doi.org/10.1017/S1368980017000428
https://doi.org/10.1186/s12992-020-00607-x
https://doi.org/10.1186/s12992-020-00607-x
https://doi.org/10.1017/S1368980020002530
https://doi.org/10.1017/S1368980020002530
https://doi.org/10.1017/S1368980020003353
https://doi.org/10.1017/S1368980020003353
https://doi.org/10.3148/75.1.2014.15
https://doi.org/10.3148/75.1.2014.15
https://doi.org/10.1111/obr.13126
https://doi.org/10.1080/10408398.2020.1858751
https://doi.org/10.1136/bmj.m4601
https://doi.org/10.1017/S1368980016003128
https://doi.org/10.1136/bmjopen-2015-009892
https://doi.org/10.1016/S0140-6736(19)30041-8
https://doi.org/10.1016/S0140-6736(20)30752-2

164

European Journal of Nutrition (2023) 62:157-164

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and nutritional status. BMC Public Health 10:242. https://doi.org/
10.1186/1471-2458-10-242

Vergnaud AC, Touvier M, Mejean C et al (2011) Agreement
between web-based and paper versions of a socio-demographic
questionnaire in the NutriNet-Sante study. Int J Public Health.
https://doi.org/10.1007/s00038-011-0257-5

Lassale C, Peneau S, Touvier M et al (2013) Validity of web-
based self-reported weight and height: results of the Nutrinet-
Sante study. J] Med Internet Res 15:e152. https://doi.org/10.2196/
jmir.2575

Touvier M, Mejean C, Kesse-Guyot E et al (2010) Comparison
between web-based and paper versions of a self-administered
anthropometric questionnaire. Eur J Epidemiol 25:287-296
Craig CL, Marshall AL, SjOstrOm M et al (2003) International
physical activity questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc 35:1381-1395. https://doi.org/10.1249/01.
MSS.0000078924.61453.FB

le Moullec N, Deheeger M, Preziosi P et al (1996) Validation
du Manuel-photos utilisé pour 1’enquéte alimentaire de I’étude
SU.VL.LMAX. Cah Nutr Diet 31:158-164

NutriNet-Santé E (2013) Table de composition des aliments. Eco-
nomica, Paris

Black AE (2000) Critical evaluation of energy intake using the
Goldberg cut-off for energy intake:basal metabolic rate. A practi-
cal guide to its calculation, use and limitations. Int J Obes Relat
Metab Disord 24:1119-1130

Touvier M, Kesse-Guyot E, Mejean C et al (2011) Comparison
between an interactive web-based self-administered 24 h dietary
record and an interview by a dietitian for large-scale epidemio-
logical studies. Br J Nutr 105:1055-1064. https://doi.org/10.1017/
S0007114510004617

Lassale C, Castetbon K, Laporte F et al (2015) Validation of a
web-based, self-administered, non-consecutive-day dietary record
tool against urinary biomarkers. Br J Nutr 113:953-962. https://
doi.org/10.1017/S0007114515000057

Lassale C, Castetbon K, Laporte F et al (2016) Correlations
between fruit, vegetables, fish, vitamins, and fatty acids estimated
by web-based nonconsecutive dietary records and respective bio-
markers of nutritional status. J Acad Nutr Diet 116:427-438.
https://doi.org/10.1016/j.jand.2015.09.017

International Agency for Research on Cancer (2021) The Nutri-
Score: a science-based front-of-pack nutrition label. Helping con-
sumers make healthier food choices. IARC Evidence summary
brief. IARC - WHO. https://www.iarc.who.int/fr/news-events/
nutri-score/

Santé Publique France (2021) Conditions of use of the “nutri-
score” logo. Santé Publique France, Saint Maurice

Julia C, Touvier M, Méjean C et al (2014) Development and vali-
dation of an individual dietary index based on the British food
standard agency nutrient profiling system in a French context. J
Nutr 144:2009-2017. https://doi.org/10.3945/jn.114.199679
Adriouch S, Julia C, Kesse-Guyot E et al (2017) Association
between a dietary quality index based on the food standard agency
nutrient profiling system and cardiovascular disease risk among
French adults. Int J Cardiol 234:22-27. https://doi.org/10.1016/].
ijcard.2017.02.092

Deschasaux M, Huybrechts I, Murphy N et al (2018) Nutritional
quality of food as represented by the FSAm-NPS nutrient profil-
ing system underlying the Nutri-score label and cancer risk in
Europe: results from the EPIC prospective cohort study. PLoS
Med 15:€1002651. https://doi.org/10.1371/journal.pmed.10026
51

Deschasaux M, Huybrechts I, Julia C et al (2020) Association
between nutritional profiles of foods underlying Nutri-score front-
of-pack labels and mortality: EPIC cohort study in 10 European
countries. BMJ 370:m3173. https://doi.org/10.1136/bmj.m3173

@ Springer

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Julia C, Fézeu L, Ducrot P et al (2015) The nutrient profile of
foods consumed using the British food standards agency nutrient
profiling system is associated with metabolic syndrome in the
SU.VIL.MAX cohort. J Nutr 145:2355-2361. https://doi.org/10.
3945/jn.115.213629

Julia C, Méjean C, Touvier M et al (2016) Validation of the FSA
nutrient profiling system dietary index in French adults—findings
from SUVIMAX study. Eur J Nutr 55:1901-1910

Delpino FM, Figueiredo LM, Bielemann RM et al (2021) Ultra-
processed food and risk of type 2 diabetes: a systematic review
and meta-analysis of longitudinal studies. Int J Epidemiol. https://
doi.org/10.1093/ije/dyab247

Jardim MZ, de Costa BVL, Pessoa MC, Duarte CK (2021) Ultra-
processed foods increase noncommunicable chronic disease risk.
Nutr Res 95:19-34. https://doi.org/10.1016/j.nutres.2021.08.006
Taneri PE, Wehrli F, Roa Diaz ZM et al (2022) Association
between ultra-processed food intake and all-cause mortality: a
systematic review and meta-analysis. Am J Epidemiol. https://
doi.org/10.1093/aje/kwac039

Beslay M, Srour B, Méjean C et al (2020) Ultra-processed food
intake in association with BMI change and risk of overweight
and obesity: a prospective analysis of the French NutriNet-Santé
cohort. PLoS Med 17:¢1003256. https://doi.org/10.1371/journal.
pmed.1003256

Julia C, Martinez L, Alles B et al (2018) Contribution of ultra-
processed foods in the diet of adults from the French NutriNet-
Santé study. Public Health Nutr 21:27-37. https://doi.org/10.1017/
S$1368980017001367

HCSP (2017) Révision des reperes alimentaires pour les adultes
du futur Programme national nutrition santé 2017-2021. Haut
Conseil de la Santé Publique, Paris

Chaltiel D, Adjibade M, Deschamps V et al (2019) Programme
national nutrition Santé - guidelines score 2 (PNNS-GS2): devel-
opment and validation of a diet quality score reflecting the 2017
French dietary guidelines. Br J Nutr 122:331-342. https://doi.org/
10.1017/S0007114519001181

Baudry J, Pointereau P, Seconda L et al (2019) Improvement of
diet sustainability with increased level of organic food in the diet:
findings from the BioNutriNet cohort. Am J Clin Nutr 109:1173—
1188. https://doi.org/10.1093/ajcn/nqy361

Srour B, Fezeu L, Kesse-Guyot E et al (2019) Ultra-processed
food intake and risk of cardiovascular disease: prospective cohort
study (NutriNet-Santé). BMJ 365:11451. https://doi.org/10.1136/
bmj.11451

Monteiro CA, Lawrence M, Millett C et al (2021) The need to
reshape global food processing: a call to the United nations food
systems summit. BMJ Glob Health 6:e006885. https://doi.org/10.
1136/bmjgh-2021-006885

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.


https://doi.org/10.1186/1471-2458-10-242
https://doi.org/10.1186/1471-2458-10-242
https://doi.org/10.1007/s00038-011-0257-5
https://doi.org/10.2196/jmir.2575
https://doi.org/10.2196/jmir.2575
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1017/S0007114510004617
https://doi.org/10.1017/S0007114510004617
https://doi.org/10.1017/S0007114515000057
https://doi.org/10.1017/S0007114515000057
https://doi.org/10.1016/j.jand.2015.09.017
https://www.iarc.who.int/fr/news-events/nutri-score/
https://www.iarc.who.int/fr/news-events/nutri-score/
https://doi.org/10.3945/jn.114.199679
https://doi.org/10.1016/j.ijcard.2017.02.092
https://doi.org/10.1016/j.ijcard.2017.02.092
https://doi.org/10.1371/journal.pmed.1002651
https://doi.org/10.1371/journal.pmed.1002651
https://doi.org/10.1136/bmj.m3173
https://doi.org/10.3945/jn.115.213629
https://doi.org/10.3945/jn.115.213629
https://doi.org/10.1093/ije/dyab247
https://doi.org/10.1093/ije/dyab247
https://doi.org/10.1016/j.nutres.2021.08.006
https://doi.org/10.1093/aje/kwac039
https://doi.org/10.1093/aje/kwac039
https://doi.org/10.1371/journal.pmed.1003256
https://doi.org/10.1371/journal.pmed.1003256
https://doi.org/10.1017/S1368980017001367
https://doi.org/10.1017/S1368980017001367
https://doi.org/10.1017/S0007114519001181
https://doi.org/10.1017/S0007114519001181
https://doi.org/10.1093/ajcn/nqy361
https://doi.org/10.1136/bmj.l1451
https://doi.org/10.1136/bmj.l1451
https://doi.org/10.1136/bmjgh-2021-006885
https://doi.org/10.1136/bmjgh-2021-006885

	Respective contribution of ultra-processing and nutritional quality of foods to the overall diet quality: results from the NutriNet-Santé study
	Abstract
	Background 
	Objective 
	Design 
	Setting 
	Participants 
	Main outcome measures 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Population
	Data collection
	Nutritional quality of the foods consumed
	Proportion of ultra-processed foods in the diet
	Overall diet quality
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




