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Abstract: The present study aims to describe ultra-processed food (UPF) consumption in a rep-
resentative sample of French adults and to evaluate the association between UPF consumption
and socioeconomic characteristics and nutritional profile of the diet. This is a cross-sectional study
using food consumption data from the Étude Nationale Nutrition Santé (ENNS), conducted with
2642 participants (18–74 years old), between February 2006 and March 2007 in France. Dietary data
were collected through three 24-h dietary recalls. All food and beverages were classified according to
the NOVA classification. The energy contribution of NOVA food groups to total energy intake was
presented by categories of sociodemographic characteristics. Linear and logistic regression models
were used to estimate the association between the percentage of UPF in the diet with nutritional
indicators. The mean daily energy consumption of the adult French population was 2111 kcal,
of which 31.1% came from UPF. This percentage was higher among younger individuals, and in the
urban area, and lower among individuals with incomplete high school and individuals who were
retired. The consumption of UPF was positively associated with the dietary energy density and
the dietary contents of total carbohydrates, free sugar, and total and saturated fat, as well as with
inadequate dietary energy density, saturated fat, free sugar, and fiber intakes.

Keywords: food processing; ultra-processed food; diet quality; France

1. Introduction

France is recognized worldwide for its traditional culinary practices. The techniques
of food transformation and culinary techniques developed over the years have highlighted
France for the manufacture of refined products and also for its exquisite cuisine, charac-
terizing the country for its strong food culture [1,2]. Subsequently, studies have pointed
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out the possible health benefits provided by traditional French eating habits and in partic-
ular the Mediterranean diet, considered a protective factors against the development of
cardiovascular diseases and all-cause mortality [3–7].

Even though the traditional food culture is still predominant in France, changes in food
consumption have been observed. Studies conducted periodically with a representative
sample of the French population (Étude Individuelle Nationale des Consommations Alimen-
taires (INCA) 1 and 2) have shown changes in food consumption among adults, highlighting
a decrease in the consumption of traditional foods, such as milk, cheese, meat, bread, potatoes,
homemade pastries/puff-pastries, and sugar/confectionery [8]. In its most recent version
(INCA 3), the study noted an increased share of industrially processed foods in the diet [9].

Changes in dietary patterns is one of the factors that has affected the French popu-
lation’s nutritional status, and possibly contributed to the increase in the prevalence of
obesity in children and adults, though the prevalence of obesity in the country remains
low compared to its European counterparts [10]. Between 1997 and 2006, the prevalence of
obesity in the French population increased from 8.6% to 13.1% [10]. Between 2006 and 2015,
the increase in obesity was not statistically significant, though the prevalence remained
somewhat high, reaching 16.8% of men and 17.4% of women aged 18 or older [10].

The convenience of industrially processed foods compared to unprocessed and mini-
mally processed foods coupled with the strong advertising, the vast food supply, and the
high dynamism and innovation of the food industry are factors that may partly explain
changes in diet [11].

The association between food processing and diet quality and health of the French
population has been evaluated through a series of studies that used the NOVA (non-
acronym name) classification and data from the NutriNet-Santé cohort [12–20]. According
to NOVA, ultra-processed foods (UPFs) are the formulation of food substances involving
processes and ingredients exclusively employed in industrial production [21–23].

Although studies conducted with the NutriNet-Santé cohort provide valuable informa-
tion on UPF consumption in the French population and its association with health outcomes,
using data from a representative national sample with rigorous sample strategy is paramount
to accurately estimate the extent of UPF consumption in the general population.

In this context, the present study aims to describe dietary intake according to food
processing degree as well as the association between UPF consumption and nutritional
profile of the diet in a representative sample of the French adult population.

2. Materials and Methods
2.1. Design and Population

This is a cross-sectional study based on individual food consumption data from
the Étude Nationale Nutrition Santé (ENNS) survey, conducted by the French Public
Health Agency (Santé Publique France) between February 2006 and March 2007 across all
territories of metropolitan France.

The study sampling strategy was determined based on the French census (for main-
land France, excluding Corsica Island and overseas territories). Geographic zones were
randomly selected and subsequently stratified into eight large regions according to urban-
ization level. The number of individuals included in each stratum was defined proportion-
ally to the population size, with a minimum of twenty-four dwellings to be investigated.
The survey was conducted in randomly selected households from telephone listings, and it
included individuals between 3 and 74 years old residing in metropolitan France. Individu-
als residing in mobile homes, nursing homes, student housing, or detention centers, as well
as people with artificial feeding (enteral or parenteral), were not included in the survey.

In the present study, only adult respondents that were aged ≥18 years old were consid-
ered. Among the 3115 adults who answered the food questionnaire, 361 individuals were
excluded for under-reported diet, 108 individuals were excluded for not filling out three 24-h
food records, and three individuals were excluded for not responding or refusing to answer
information about schooling. The final sample size included 2642 adults aged 18 years or older.
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Approval for the study was obtained from the French data protection authority
(Commission nationale de l’informatique et des libertés, authorization no. 905,481) and
a bioethics committee (Hôpital Cochin, Paris, no. 2264).

2.2. Data Collection

Sociodemographic data (marital status, number of children per family, country of birth,
employment status, type of job, hours of work, education, type of housing, living standards,
food insecurity, household income, and number of residents per household) were also
collected for all individuals. Food consumption was evaluated using dietary recalls.

2.3. Food Consumption

Information about food consumption was collected using three 24-h dietary recalls.
The dietary recalls were applied on weekdays and weekend days in order to evenly
represent all days of the week. Additionally, the field work was conducted throughout the
year in order to take into account potential seasonal variations in food consumption. The
phone interviews were conducted by previously trained nutritionists, and the respondents
were asked to describe as precisely as possible the amount of food and beverage consumed
during the previous day, aided by a validated photographic manual of portion sizes
for the French population [24]. Information on food composition, recipes (especially for
homemade food), and food brands was also collected. Information on the addition of added
fats as well as salt during food preparation and consumption was recorded separately. The
interviews were conducted by telephone. Individuals were categorized according to age
group and sex, and then participants with extremely energy intake were identify using
the method proposed by Black [25]. Subsequently, cases of excessive or insufficient caloric
intake without valid justification were excluded [26].

Energy and nutrient contents for all reported foods and drinks were estimated accord-
ing to the national food composition table [27]. Free sugar content was estimated following
the recommended method of the Pan-American Health Organization (PAHO) document
“Pan American Health Organization Nutrient Profile Model” [28].

2.4. NOVA Classification

Food items were classified according to the extent and purpose of food processing,
in accordance with NOVA. The NOVA classification divides foods into the following groups:
unprocessed and minimally processed food, processed culinary ingredients, processed
foods, and ultra-processed foods [21–23].

The unprocessed and minimally processed foods group (group 1) includes unaltered or
minimally processed food (altered by processes such as removal of inedible parts, fractioning,
freezing, and packaging) obtained directly from plants or animals. This group contains foods
such as fruits, leafy and root vegetables, grains, legumes, meat, poultry, fish, eggs, and milk.

The processed culinary ingredients group (group 2) includes substances obtained
directly from food or from nature and commonly used in culinary preparations and rarely
consumed in the absence of food from group 1. This group encompasses ingredients like
salt, sugar, and oils.

Processed foods are products made by adding sugar, oil, salt, or other group 2 sub-
stances to group 1 foods. Most processed foods have two or three ingredients and are
either industrially prepared, artisanal, or home-made through food processing operations,
such as preservation, and, for bread and cheese, non-alcoholic fermentation.

Ultra-processed food (UPF), the primarily focus of this study, refers to products that
undergo industrial processes that include, for instance, hydrogenation, hydrolysis, extrud-
ing, molding, reshaping, and pre-processing by frying. Flavoring agents, colors, emulsifiers,
humectants, non-sugar sweeteners, and other cosmetic additives are often added to these
products to imitate sensorial properties of unprocessed or minimally processed foods and
culinary preparations.
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In this study, unprocessed and minimally processed foods were grouped with pro-
cessed culinary ingredients, such that all foods and beverages were divided into the fol-
lowing three groups: unprocessed and minimally processed food and culinary ingredients,
processed foods, and ultra-processed foods.

To categorize foods according to the NOVA classification, food items were categorized
into their most usual form of consumption (e.g., sweetened beverages, Bolognese sauce,
or cookies as ultra-processed foods; rice as minimally processed, etc.), with the most
conservative classification option always chosen in case of doubt. Elements in the descriptor
of the food (e.g., “fruit in syrup”) were used to help with the classification of foods. In case
of uncertainty, consensus was reached among the researchers. As culinary preparations
were not broken down into underlying ingredients, a subgroup named “mixed dishes” was
created within minimally processed foods to include dishes frequently composed of food
items from different NOVA subgroups. A reduced number of these mixed dishes presented
processed or ultra-processed food items in their composition, such as ultra-processed
sauces, which were not separated from the rest of the recipe.

2.5. Statistical Analysis

The average values of the three 24-h dietary recalls were used to describe the diet
of the population. Average absolute and relative calorie intake of NOVA groups and
subgroups were estimated. The absolute and relative gram contribution of food groups
and subgroups was also estimated to better assess the contribution of ultra-processed, low
energy density foods, such as artificially sweetened beverages.

The caloric contribution of NOVA’s food groups was described by sociodemographic
characteristics. The sociodemographic variables included in the present study were as
follows: sex (male and female), age group (18–39, 40–59, and ≥60 years old), living
area (urban or rural), occupational category (management/intermediate profession; self-
employed/farmers; manual workers/employees; retired; and homemakers, disabled per-
sons, and others), and educational level (incomplete high school, complete high school,
technical course, and university graduate).

To evaluate the nutrient intake associated with the development of non-communicable
diseases NCDs [29–31], total energy (kcal), energy density (kcal/g), percentage of protein
(% of total energy), percentage of carbohydrates (% of total energy), percentage of total
sugar (% of total energy), percentage of free sugar (% of total energy), percentage of
total fat (% of total energy), percentage of saturated fat (% of total energy), contents
of fiber (g/1000 kcal), contents of potassium (mg/1000 kcal), and contents of sodium
(mg/1000 kcal) were explored.

The contribution of each NOVA group to macro and micronutrient dietary intakes
was computed. The nutrient intake was described for each diet fraction, and the confi-
dence interval of 95% was used to assess the statistical difference between the means of
each indicator.

To verify the association between UPF consumption and food consumption and
nutrient intakes, first, the sample was divided according to quintiles of the UPF contribution
to the diet (percentage of energy intake), with the lowest consumers belonging to the first
quintile and the highest consumers belonging to the fifth quintile. Then, we estimated the
overall population’s average nutrient intakes adjusted for sociodemographic characteristics
for the overall diet and across quintiles of the dietary energy share of ultra-processed
foods. Linear regression models were performed to evaluate the association between UPF
quintiles (exposure variable) and nutrient intakes (outcome variables). To compare the
coefficients across variables with different units, we used standardized regression models.

The nutrient intakes were also evaluated using the prevalence of inadequate nutrient
intakes. The criteria used to estimate the prevalence of inadequate nutrients intakes
were the specific recommendations for the French population, determined by the Agence
nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail (Anses),
which considers the following nutritional intake parameters as inadequate: fat intakes
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greater than 12% of the total daily calories, free sugar intakes larger than 100 g/day, and
fiber intakes lower than 30 g/day. When French recommendations were not available, the
World Health Organization’s nutritional recommendations (sodium intake >1 g/1000 kcal
and potassium intake <1755 mg/1000 kcal are considered inadequate) and the criteria
established by the World Cancer Research Fund (energy density <1.25 or >1.45 kcal/g is
considered inadequate) were used. The prevalence of inadequate nutrient intakes was
described for overall population and according to quintiles of UPF consumption. Odds
ratios from logistic regression models were used to assess the magnitude of the associations
between quintiles of energy contribution of UPF (exposure variable) and inadequate
nutrient intakes (outcome variables).

Linear and logistic regression analyses were adjusted for the following potential con-
founders: sex, age group, living area, region, occupation, and educational level. To evaluate
dose–response associations, crude and adjusted tests of linear trend were performed by
treating quintiles of ultra-processed food consumption as an ordinal variable. Statistical
analyses were carried out with the software Stata, version 14.1 (Statistical Analysis System,
StataCorp, College Station, Texas, USA), accounting for the survey weighting factors and
sample complexity.

3. Results

Table 1 describes the sample distribution used in the study according to sociodemo-
graphic characteristics. The final sample consisted of 2642 individuals. The majority of the
participants were female (63.3%), aged between 40 and 59 years (44.8%), living in an urban
area (76.9%), manual workers/employers (30.4%), and had completed high school (50.5%).

Table 1. Sociodemographic characteristics of the 2642 adults aged 18–74 years with complete data.

n %

Sex

Male 970 36.7
Female 1672 63.3

Age

18–39 900 34.1
40–59 1184 44.8
60+ 558 21.1

Area

Rural 611 23.1
Urban 2031 76.9

Occupation

Management/intermediate profession 683 25.9
Self-employed/farmers 102 3.9

Manual workers/employers 802 30.4
Retired 576 21.8

Homemakers, disabled persons, and others 479 18.1

Education

Incomplete high school 379 14.3
Complete high school 1335 50.5

Technical course 376 14.2
University graduate 552 20.9

The average energy intake of French adults older than 18 years was 2110.7 kcal (CI 95%
2073.9–2147.4), from which 44.0% originated from unprocessed or minimally processed
foods and culinary ingredients, 24.9% from processed foods, and 31.1% from UPFs. Within
the first group, the subgroups with the largest percentage intake contributions were meat
(9.0%), added fat (5.3%), and fruits (4.2%). Among processed foods, the subgroups with
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the largest percentage intake contributions were bread (13.5%) and cheese (6.1%). Within
UPFs, the subgroups contributing the most to energy intake were ready-to-eat meals (7.9%)
and confectionery (5.4%) (Table 2).

Table 2. Mean daily energy intake according to NOVA food groups. French population aged ≥18 years. Étude Nationale
Nutrition Santé (ENNS) 2006 (n = 2642).

NOVA Food Groups kcal CI * (95%) % of Total kcal CI * (95%)

Unprocessed or Minimally Processed
Foods and Culinary Ingredients 909.2 890.2; 928.1 44.0 43.3; 44.7

Meat (beef, poultry, pork, and others) 187.8 179.2; 196.4 9.0 8.6; 9.4
Added fat 1 108.3 103.6; 113.0 5.3 5.1; 5.5

Fruits 83.9 79.5; 88.2 4.2 4.0; 4.4
Patisseries 2 81.7 74.4; 89.0 3.7 3.4; 4.0

Pasta 76.3 70.6; 82.0 3.6 3.4; 3.9
Milk and yogurt 63.1 59.3; 67.0 3.2 3.0; 3.4

Potatoes and other tubers 50.5 47.3; 53.6 2.4 2.3; 2.6
Cereals 43.2 39.2; 47.2 2.1 1.9; 2.3

Table sugar 40.7 38.0; 43.5 1.9 1.8; 2.0
Vegetables 35.7 33.7; 37.7 1.8 1.7; 1.9

Mixed dishes 32.5 29.7; 35.3 1.7 1.5; 1.8
Fish and seafood 33.9 27.8; 40.0 1.6 1.4; 1.9

Eggs 19.2 17.3; 21.1 0.9 0.8; 1.0
Home-made sauces 13.5 11.5; 15.5 0.6 0.5; 0.7

Nuts 13.2 12.1; 14.4 0.7 0.6; 0.7
Legumes 12.0 10.8; 13.2 0.6 0.6; 0.7

Natural fruits juices 7.3 6.1; 8.5 0.4 0.3; 0.4
Coffee and tea 3.7 3.1; 4.2 0.2 0.2; 0.2

Spices 0.5 0.3; 0.7 0.0 0.0; 0.0

Processed foods 538.2 520.8; 555.6 24.9 24.2; 25.5

Bread 289.8 278.5; 301.1 13.5 13.0; 13.9
Cheese 130.4 124.0; 136.8 6.1 5.8; 6.4

Meat products 76.4 68.7; 84.0 3.3 3.0; 3.6
Processed fruits 21.6 19.3; 23.8 1.0 0.9; 1.1

Canned vegetables and legumes 12.4 11.0; 13.8 0.6 0.5; 0.7
Beer and wine 10.1 9.2; 11.0 0.5 0.4; 0.5

Ultra-processed foods 663.3 640.5; 686.1 31.1 30.3; 31.9

Ready-to-eat meals 3 168.0 156.7; 179.3 7.9 7.4; 8.4
Confectionery 4 115.4 108.6; 122.2 5.4 5.1; 5.7

Cold cuts (charcuterie) and other
ultra-processed meats 5 92.5 87.5; 97.5 4.4 4.1; 4.6

Bakery products 6 56.8 50.6; 63.0 2.6 2.3; 2.8
Sweetened beverages 7 50.0 44.3; 55.7 2.3 2.1; 2.6

Dairy products 35.4 32.6; 38.3 1.8 1.6; 1.9
Cookies 8 35.9 31.4; 40.3 1.7 1.5; 1.8

Bread 29.6 26.3; 32.9 1.5 1.3; 1.6
Sauces 23.6 21.5; 25.7 1.1 1.0; 1.2

Distilled alcoholic drinks 17.8 12.4; 23.2 0.7 0.5; 0.9
Margarine 12.8 11.1; 14.4 0.6 0.6; 0.7

Breakfast cereals 12.9 10.5; 15.4 0.6 0.5; 0.8
Chips and crackers 6.8 5.3; 8.3 0.3 0.2; 0.3

Cheese 9 5.9 5.1; 6.7 0.3 0.3; 0.4
TOTAL 2110.7 2073.9; 2147.4 100.0 -

* Confidence Interval (CI) 1 Added fat: includes table fat from animals or vegetables (such as olive oil and butter). 2 Patisseries: include
homemade sweets and desserts. 3 Ready-to-eat meals: include fast-food, noodles, canned or dehydrated soups, pizza, frozen dishes, sandwiches,
and other ready-to-eat meals. 4 Confectionery: includes sweets (such as chocolate bars, bonbons, gums, lollypops, candy, gummies, ice-cream,
torrone, etc.). 5 Cold cuts and other ultra-processed meat: include nuggets, sausages, hamburgers, different types of cold cuts/charcuterie
(ham, mortadella, and turkey blanquet), and pre-seasoned meat. 6 Bakery products: include sweet baked products such as cakes, pies, and
sweet breads. 7 Sweetened beverages: include soft drinks, artificial juices, and other sweetened beverages; 8 Cookies: include every type of
ultra-processed cookie. 9 Ultra-processed cheese: includes cream-cheese, petit Suisse, and cheese with sweeteners.
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The contribution of food groups and subgroups was also evaluated according to the
percentage of the total diet in grams (Supplementary Material: Table S1). When evaluated by
grams, the contribution of subgroups with low energy density, such as fruits, vegetables, and
beverages, increased. The contribution of minimally processed foods and culinary ingredients
was 59.9% of the total diet, processed foods contributed 16.0% and UPF contributed 24.1%
of the total diet. Within minimally processed food and culinary ingredients, the subgroups
with the largest contributions were coffee and tea (14.6%), fruits (8.6%), and vegetables (8.2%).
Among the processed foods, the subgroups with the largest contributions were beer and wine
(5.6%) and bread (5.5%). Within UPFs, the subgroups contributing the most to weight intake
were ready-to-eat meals (6.7%) and sweetened beverages (6.5%).

Table 3 shows the mean percentage of total energy intake from UPF according to
sociodemographic characteristics. A larger contribution of UPFs to the diet was found
in individuals aged between 18 and 39 years (39.1%) and urban area residents (31.9%),
while individuals with incomplete high school (26.5%) and individuals who were retired
presented the lowest percentages (22.3%).

Table 3. Mean percentage of total energy intake from NOVA food groups according to sociodemographic characteristics.
French population aged ≥18 years. ENNS 2006 (n = 2642).

Minimally Processed Food
and Culinary Ingredients Processed Food Ultra-Processed Food

% CI (95%) % CI (95%) % CI (95%)

Sex

Male 41.2 40.2; 42.3 27.4 26.4; 28.4 31.4 30.1; 32.7
Female 46.8 46.0; 47.6 22.3 21.7; 23.0 30.9 30.0; 31.9

Age

18–39 40.5 39.3; 41.7 20.4 19.4; 21.5 39.1 37.8; 40.5
40–59 45.1 44.2; 46.1 26.7 25.9; 27.6 28.1 27.2; 29.0
60+ 48.8 47.6; 49.9 29.7 28.6; 30.7 21.6 20.4; 22.8

Area

Rural 43.7 42.5; 45.0 27.3 26.2; 28.5 28.9 27.4; 30.4
Urban 44.1 43.3; 44.9 24.0 23.3; 24.8 31.9 30.9; 32.8

Occupation

Management/intermediate profession 42.8 41.8; 43.9 25.0 24.0; 26.0 32.2 30.9; 33.4
Self-employed/farmers 43.4 40.7; 46.1 28.5 26.3; 30.7 28.1 25.1; 31.2

Manual workers/employees 42.6 41.3; 43.8 24.7 23.7; 25.8 32.7 31.3; 34.2
Retired 48.2 47.0; 49.3 29.5 28.5; 30.6 22.3 21.1; 23.5

Homemakers, disabled persons, and others 43.9 42.2; 45.5 20.2 18.7; 21.8 35.9 34.1; 37.7

Education

Incomplete high school 45.7 44.1; 47.3 27.8 26.4; 29.2 26.5 24.9; 28.1
Complete high school 43.3 42.4; 44.2 23.7 22.9; 24.6 32.9 31.8; 34.1

Technical course 43.9 42.4; 45.4 23.9 22.4; 25.4 32.2 30.3; 34.0
University degree 43.4 42.1; 44.8 24.7 23.4; 25.9 31.9 30.4; 33.4

The nutrient profile and fractions of nutrient intakes from unprocessed or minimally
processed foods and culinary ingredients, processed foods, or UPF are presented in Table 4.
The fraction of unprocessed or minimally processed foods and culinary ingredients showed
the lowest energy density, and carbohydrate and sodium content as well as the highest content
of protein and fiber. When compared to the other fractions, that comprising processed foods
showed the highest amounts of carbohydrates and sodium as well as the lowest contents
of total and free sugars, total and saturated fats. Finally, UPF fraction showed the highest
contents of total and free sugars and total and saturated fats, but the lowest amounts of
protein and fiber.
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Table 4. Nutrient profile of the whole diet and of three diet fractions. French population ≥18 years. ENNS 2006 (n = 2642).

Indicator Whole Diet

Diet Fraction Made of
Unprocessed or

Minimally Processed
Foods and Culinary

Ingredients (SE)

Diet Fraction
Made of Processed

Foods (SE)

Diet Fraction Made of
Ultra-Processed Foods

(SE)

Total energy (kcal/day) 2110.7 909.2 (9.7) 538.2 (8.9) 663.3 (11.6)
Energy density (kcal/g) 1.5 1.2 (0.0) 2.0 (0.0) 2.0 (0.0)

Protein (% of total energy) 17.5 22.0 (0.2) 15.9 (0.1) 12.7 (0.1)
Carbohydrates (% of total energy) 41.4 37.3 (0.3) 47.1 (0.4) 42.6 (0.4)

Total sugar (% of total energy) 19.0 21.3 (0.3) 7.3 (0.2) 25.5 (0.4)
Free sugar (% of total energy) 11.7 8.1 (0.2) 6.0 (0.2) 21.7 (0.4)

Total fat (% of total energy) 37.6 40.5 (0.3) 26.5 (0.4) 42.1 (0.3)
Saturated fat (% of total energy) 15.7 15.6 (0.1) 14.3 (0.2) 17.2 (0.2)

Fiber (g/1000 kcal/day) 8.9 11.2 (0.1) 7.4 (0.1) 7.1 (0.1)
Potassium (mg/1000 kcal/day) 1491.8 2130.6 (17.1) 726.8 (8.2) 1304.9 (16.3)

Sodium (mg/1000 kcal/day) 1485.3 1254.6 (12.7) 2022.5 (19.1) 1526.3 (19.8)

Table 5 shows the mean nutrient intake of the overall population and across quin-
tiles based on the proportion of UPF in the diet, as well as the standardized and non-
standardized linear trend regression coefficients between variables. Following adjustment
for possible confounding factors, the quintiles in UPF consumption showed positive associ-
ations with energy density, percentage of carbohydrates, free sugar, total fat, and saturated
fat, and were inversely associated with percentage of protein, as well as fiber and potassium
densities. Free sugar stands out among the nutrients with the greatest association with
UPF consumption—a mean increase of 1.27% was observed for the consumption of free
sugars from one quintile to the next.

Table 6 shows the prevalence of inadequate nutrient intake for the whole population
and across quintiles of UPF consumption strata, as well as the adjusted odds ratios of
the regression models. The prevalence of inadequate nutrient intake was high among
the population. About 94.7% of French adults showed inadequate sodium consumption,
93.5% showed inadequate fiber intake, 86.3% showed inadequate saturated fat intake,
76.2% showed inadequate energy density, and 76.5% showed inadequate potassium intake.
The adjusted coefficients showed that UPF quintiles were positively associated with in-
adequate intakes of energy density, saturated fat, free sugar, fibers, and potassium, and
negatively associated with inadequate sodium intake. Compared with the first quintile
of UPF participation, the fifth quintile had a 6.7 higher chance of presenting inadequate
consumption of free sugars, a 5.9 higher chance of presenting inadequate consumption of
fibers, a 3.5 higher chance of presenting inadequate consumption of potassium, a 2.5 higher
chance of presenting inadequate consumption of saturated fat, and a 2.0 higher chance of
presenting inadequate consumption of energy density.
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Table 5. Nutrient intake indicators of the overall population and according to quintiles of ultra-processed food consumption. French population aged ≥18 years old. ENNS 2006 (n = 2642).

Nutritional Indicators a

Overall Population Quintiles of Ultra-Processed Food Consumption (% of Total Energy Intake) b Regression Coefficient

Mean
Standard
Deviation

(SD)

1st Quintile
(lowest) 2nd Quintile 3rd Quintile 4th Quintile 5th Quintile

(Highest) Adjusted c Adjusted and
Standardized c P *

Total energy (kcal) 2110.7 18.7 2069.2 2140.8 2109.6 2139.7 2093.5 4.52 0.01 0.772
Energy density (kcal/g) 1.5 0.0 1.4 1.4 1.5 1.5 1.6 0.05 0.18 0.000

Protein (% of total energy) 17.5 0.1 18.8 18.0 17.7 17.0 16.0 −0,66 −0.26 0.000
Carbohydrates (% of total energy) 41.4 0.2 40.5 41.1 41.0 42.4 41.9 0.39 0.08 0.006

Free sugar (% of total energy) 11.7 0.2 8.7 10.9 11.8 13.0 14.1 1.27 0.31 0.000
Total fat (% of total energy) 37.6 0.2 36.8 36.9 37.7 37.6 38.8 0.46 0.11 0.000

Saturated fat (% of total energy) 15.7 0.1 15.3 15.6 15.9 15.8 15.9 0.15 0.06 0.035
Fiber density (g/1000 kcal) 8.9 0.1 9.5 9.1 8.8 8.8 8.1 −0.31 −0.14 0.000
Potassium (mg/1000 kcal) 1491.8 9.5 1550.4 1508.8 1491.5 1490.3 1424.1 −26.99 −0.10 0.000

Sodium density (g/1000 kcal) 1485.3 9.2 1510.5 1504.9 1471.7 1485.5 1456.5 −12.94 −0.05 0.059

a All values refer to means; b Average of UPF: first quintile (n 648): 12.8% UPF (min: 0.1%/max: 18.3%); second quintile (n 613): 22.0% UFP (min: 18.3%/max: 25.5%); third quintile (n 633): 29.0% UPF
(min: 25.6%/max: 32.7%); fourth quintile (n 596): 36.2% UPF (min: 32.7%/max: 42.1%); fifth quintile (n 487): 51.5% UPF (min: 42.1%/max: 88.6%). c Adjusted for total energy intake and sociodemographic
characteristics (age, sex, area, region, occupation, and education level); * Tests of linear trend were performed by treating quintiles of the dietary share of ultra-processed food as an ordinal variable; SD,
standard deviation.

Table 6. Prevalence of inadequate nutrient intake across overall population and according to quintiles of ultra-processed food consumption. French population aged ≥18 years old. ENNS
2006 (n = 2642).

Quintiles of Ultra-Processed
Food Consumption (% of Total

Energy Intake) a

Energy Density
< 1.25 kcal/g or
> 1.45 kcal/g b

Energy Density
< 1.25 kcal/g b

Energy Density
> 1.45 kcal/g b

Saturated Fat >
12% of Total

Energy Intake c

Free Sugar
> 100 g/day c Fiber ≤ 30 g/day c Potassium Density

< 1755 mg/1000 kcal d
Sodium Density
> 1 g/1000 kcal d

% OR e % OR e % OR e % OR e % OR e % OR e % OR e % OR e

1st quintile (lowest) 72.3 1.0 44.4 1.0 27.9 1.0 78.8 1.0 3.1 1.0 * 88.1 1.0 * 64.7 1.0 97.1 1.0
2nd quintile 73.7 0.9 35.8 0.8 37.8 1.2 85.9 1.3 6.2 2.6 * 92.7 2.2 * 73.9 1.5 * 95.4 0.7
3rd quintile 74.8 1.0 30.8 0.7 * 44.0 1.6 * 87.7 1.7 * 7.9 3.1 * 94.0 2.1 * 76.2 1.5 * 96.8 1.1
4th quintile 75.0 0.9 22.0 0.7 * 52.9 1.4 89.2 1.5 13.3 4.0 * 95.4 2.1 * 80.3 1.3 94.3 0.5

5th quintile (highest) 87.4 2.0 *,† 9.2 0.3 *,† 78.2 3.9 *,† 91.2 2.5 *,† 23.2 6.7 *,† 98.0 5.9 *,† 90.3 3.5 *,† 88.7 0.4 *,†

Total 76.2 - 29.3 - 46.9 - 86.3 - 10.2 - 93.5 - 76.5 - 94.7 -

a Average of UPF: first quintile (n 648): 12.8% UPF (min: 0.1%/max: 18.3%); second quintile (n 613): 22.0% UFP (min: 18.3%/max: 25.5%); third quintile (n 633): 29.0% UPF (min: 25.6%/max: 32.7%); fourth
quintile (n 596): 36.2% UPF (min: 32.7%/max: 42.1%); fifth quintile (n 487): 51.5% UPF (min: 42.1%/max: 88.6%). b World Cancer Research Foundation (WCRF). Energy density: finding the balance for cancer
prevention. London: World Cancer Research Fund; 2009. c Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail (ANSES). Actualisation des repères du PNNS: élaboration des
références nutritionnelles. ANSES, 2016. d World Health Organization (WHO), World Health Organization issues new guidance on dietary salt and potassium, Geneva; 2013. e ORs (odds ratios) were adjusted for
total energy intake and sociodemographic characteristics (age, sex, area, region, occupation, and education level); * Statistically significant p < 0,05; † Tests of linear trend were performed by treating quintiles of
the dietary share of ultra-processed food as an ordinal variable (p < 0.05).
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4. Discussion

UPFs contributed to almost one-third of the energy intake of French adults. The
consumption of UPF was associated with a lower nutritional profile of the diet, namely
increased energy density, carbohydrates, free sugar, total fat, and saturated fat, as well as
decreased fiber and potassium intakes. Furthermore, UPF consumption was associated
with a higher prevalence of inadequate intake dietary energy density and inadequate
intakes of saturated fat, free sugar, fiber, and potassium.

The dietary contribution of UPF to total energy intake in France is lower than in
other countries, such as the USA (57.5%), Canada (47.7%), Australia (42.0%), and the UK
(56.8%) [32–35]. It is similar to the consumption levels in European countries, such as
Belgium (29.6%) [36], and middle-income countries, such as Brazil (21.5%), Mexico (29.8%),
and Chile (28.6%) [37–39].

While in developing countries the smaller percentage of UPF consumption is possibly
reflecting delayed economic growth, the lower consumption in France is likely related to
the traditional culinary culture. Although industrialization of the food system caused a
shift in the population’s diet, evidence suggests that the traditional culinary culture still
resists the “Westernization” of traditions, probably due the great appreciation of the French
“haute cuisine” and also the “rustic/regional cuisine” [1].

In France, UPF consumption showed an inverse relationship with age as well as a
direct association with residence in urban regions, findings that were previously observed
both in developed and developing countries [35,36,39,40]. The high UPF consumption
observed among the youngest individuals is presumably caused by their ability to easily ac-
cept new eating habits and innovations [9] as well as intensive marketing of manufactured
products directed toward young citizens [41].

The magnitude of UPF consumption and the distribution of food items within this
group vary between countries, but in all countries, the intake of UPFs was associated with
poorer nutritional profiles of diet. Previous studies conducted in the United States, Canada,
the UK, Belgium, Australia, Brazil, Chile, and Colombia found negative associations be-
tween UPF consumption and the intake of nutrients known to protect against NCDs and
positive associations with negative diet markers [32–34,36–39,42–46] and with the preva-
lence of inadequate nutrient intake, which is linked to the development of NCDs [33,34,39].
The present study presented similar results. Although the magnitude of some coefficients
was low, the indicators go in the same direction, indicating that the high consumption of
ultra-processed products negatively impacts several indicators in the diet. So, together, the
measures show that a diet rich in ultra-processed products has a low nutritional profile
compared to a diet predominated by non-ultra-processed foods.

The UPF consumption in the present study showed an inverse association with
inadequate sodium intake, suggesting that people eating a lower quantity of UPF had
higher sodium intake. These findings might be explained by the high content of sodium
in traditional French cuisine, such as artisanal cheese and bread (the main contributor to
sodium intake in France [47], which belonged to the NOVA 3 group (“processed”) and not
the NOVA 4 (UPF) group.

A study conducted in France within the NutriNet-Santé cohort showed a positive
association between sodium intake and the percentage of UPF in the diet, contrary to what
was found here [12]. These discrepancies may be related to differences in the populations
included in the studies.

The present study had limitations. Although it is a nationally representative study,
individuals in situations of vulnerability (such as citizens living in nursing homes and
individuals without a telephone line) were not well captured by the study. Data were
collected between 2006 and 2007, and may not represent current food consumption patterns,
however, new studies will address this limitation.

Specific food subgroups, such as candies, sweets, and snacks, are often underreported
in dietary surveys due to desirability bias and this may underestimate the consumption
of ultra-processed foods. Additionally, data found in the food consumption module of
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the survey do not always contain enough information to categorize food according to the
NOVA classifications, since the sampling instrument was not developed with the aim to
classify foods according to the degree of industrial processing. When present, information
about the brand of the foods helped in the categorization, but when it was not possible to
distinguish culinary preparations and industrialized food, the most conservative catego-
rization was chosen (the one with the lower degree of processing). Thus, this may have led
to an underestimation of the UPF consumption and attenuated the associations found.

Analyses to control inter- and intra-variability were not performed, and although
several 24-h records were used and weighted according to weekend and weekdays, they
do not fully capture all intra-variability in dietary intakes, and caution is needed in the
extrapolation of these estimates to measure the “usual diet”. However, any error related to
diet variability would be mitigated, since the average of all days of intake in the dietary
assessment of the exposure and the outcome were used, therefore minimizing the effect on
the study conclusions.

Considering mounting scientific literature linking UPF to adverse health outcomes [13–20],
an increasing number of countries have started to implement public policies to limit their
consumption. Approaches such as taxes, restricting where these products can be sold, and
advertisement regulations have been utilized in some countries [48,49]. In that context, laws
implemented in France are promising ways to regulate the consumption of highly processed
food. For example, beverages sweetened with sugar and sweeteners started to be overtaxed in
January of 2012, by the article 1613 of the Code général des impôts [50]. Such policies could
be considered for expansion to include other ultra-processed products, thereby discouraging
their consumption.

Concomitantly with measures restricting UPF sales, it is also important to implement
educational actions to raise awareness among the population about the potential harm
and risks associated with consuming these products. In France, the Programme National
Nutrition Santé (PNNS) [27] was founded by the Ministry of Health in 2001 with the
goal of increasing the health status of the population though nutrition via developing
recommendations and promoting actions and regulations in this area. The most recent
PNNS (2019/2023) includes the goal of reducing UPF consumption by 20% in the next five
years, and this concept will be included in the new French Food Guide scheduled to be
published in 2021 [51].

5. Conclusions

The results of this study show that UPFs make up a sizeable proportion of the diet of
French adults, with young individuals showing the highest consumption of these foods.
The percentage of UPF consumption presented a positive association with dietary energy
density and the dietary contents of total carbohydrates, free sugar, total fat, and saturated
fat, as well as with inadequate dietary energy density, and intakes of saturated fat, free
sugar, fiber, and potassium. These results support the relevance of public health policies
aiming to reduce the access and exposure of the population to UPFs.
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3/13/2/682/s1: Table S1: Sociodemographic characteristics of the 2642 adults aged 18–74 years with
complete data.

Author Contributions: G.C.A., the first and corresponding author, participated in the design and
planning of the study, analysis, and interpretation of data and in the manuscript writing. R.B.L., C.J.,
and M.T., supervised the paper, delimiting the methodology, tables, and discussion of the article. The
other authors, V.D., B.S., S.H., E.K.-G., B.A., E.C., M.D., and C.A.M., participated in the planning
of the study, interpretation of data, and critical review. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by CNPQ (Conselho Nacional de Desenvolvimento Científico e
Tecnológico) and CAPES (Fundação Coordenação de Aperfeiçoamento de Pessoal de Nível Superior).

https://www.mdpi.com/2072-6643/13/2/682/s1
https://www.mdpi.com/2072-6643/13/2/682/s1


Nutrients 2021, 13, 682 12 of 14

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee Commission Nationale de l’informatique
et des Libertés (no. 905,481).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from
Santé Publique France but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission from Santé Publique France.

Acknowledgments: The authors gratefully acknowledge the “Equipe de Surveillance et d’Epidémiologie
Nutritionnelle (Esen), Santé Publique France—Université Paris 13”, as the main investigator, and the
dieticians who collected data. The authors acknowledge “Santé Publique France”, as the main promoter
and supporter, for access to the ENNS database and support documentation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Poulain, J.-P. Sociologies de Lálimentation, Le Mangerus et Léspace Social Alimentaire; Ouvrage Publié avec le Concours du Ministère

Chargé de la Culture—Centre National du Livre, Presses Universiteires de France–PUF: Paris, France, 2002.
2. Pitte, J.-R. Gastronomie Française—Historie et Géographie D’une Passion; Librairie Arthème Fayard: Paris, France, 1991.
3. De Lorgeril, M.; Salen, P.; Paillard, F.; Laporte, F.; Boucher, F.; de Leiris, J. Mediterranean diet and the French paradox: Two

distinct biogeographic concepts for one consolidated scientific theory on the role of nutrition in coronary heart disease. Cardiovasc.
Res. 2002, 54, 503–515. [CrossRef]

4. Eleftheriou, D.; Benetou, V.; Trichopoulou, A.; La Vecchia, C.; Bamia, C. Mediterranean diet and its components in relation to
all-cause mortality: Meta-analysis. Br. J. Nutr. 2018, 120, 1081–1097. [CrossRef]

5. Rozin, P.; Fischler, C.; Imada, S.; Sarubin, A.; Wrzesniewski, A. Attitudes to food and the role of food in life in the USA, Japan,
Flemish Belgium and France: Possible implications for the diet-health debate. Appetite 1999, 33, 163–180. [CrossRef]

6. Rozin, P.; Kabnick, K.; Pete, E.; Fischler, C.; Shields, C. The ecology of eating: Smaller portion sizes in France Than in the United
States help explain the French paradox. Psychol. Sci. 2003, 14, 450–454. [CrossRef]

7. Drewnowski, A.; Henderson, S.A.; Shore, A.B.; Fischler, C.; Preziosi, P.; Hercberg, S. Diet quality and dietary diversity in France:
Implications for the French paradox. J. Am. Diet. Assoc. 1996, 96, 663–669. [CrossRef]

8. Dubuisson, C.; Lioret, S.; Touvier, M.; Dufour, A.; Calamassi-Tran, G.; Volatier, J.L. Trends in food and nutritional intakes of
French adults from 1999 to 2007: Results from the INCA surveys. Br. J. Nutr. 2010, 103, 1035–1048. [CrossRef]

9. L’Anses, A.D. Étude Individuelle Nationale des Consommations Alimentaires 3 (INCA 3); Paris, France, 2017. Available on-
line: https://www.anses.fr/fr/content/inca-3-evolution-des-habitudes-et-modes-de-consommation-de-nouveaux-enjeux-en-
mati%C3%A8re-de (accessed on 19 November 2020).

10. Verdot, C.; Torres, M.; Salanave, B.; Deschamps, V. Children and adults body mass index in France in 2015. Results of the Esteban
study and trends since 2006. Bull. Epidémiol. Hebd. 2017, 13, 234–241.

11. Monteiro, C. Ultra-Processing. There is no Such Thing as a Healthy Ultra-Processed Product; World Nutrition: Scottsdale, AZ, USA,
2011.

12. Julia, C.; Martinez, L.; Allès, 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. 2018, 21, 27–37. [CrossRef]

13. Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Touvier, M. Consumption of ultra-processed foods and
cancer risk: Results from NutriNet-Santé prospective cohort. BMJ 2018, 360, k322. [CrossRef]

14. Schnabel, L.; Buscail, C.; Sabate, J.M.; Bouchoucha, M.; Kesse-Guyot, E.; Allès, B.; Julia, C. Association Between Ultra-Processed
Food Consumption and Functional Gastrointestinal Disorders: Results from the French NutriNet-Santé Cohort. Am. J. Gastroen-
terol. 2018, 113, 1217–1228. [CrossRef]

15. Schnabel, L.; Kesse-Guyot, E.; Allès, B.; Touvier, M.; Srour, B.; Hercberg, S.; Buscail, C.; Julia, C. Association Between Ultrapro-
cessed Food Consumption and Risk of Mortality Among Middle-aged Adults in France. JAMA Intern. Med. 2019, 179, 490–498.
[CrossRef]

16. Vasseur, P.; Dugelay, E.; Benamouzig, R.; Savoye, G.; Lan, A.; Srour, B.; Buscail, C. Dietary Patterns, Ultra-processed Food, and the
Risk of Inflammatory Bowel Diseases in the NutriNet-Santé Cohort. Inflamm. Bowel. Dis. 2020, 27, 65–73. [CrossRef]

17. Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Allès, B.; Debras, C.; Druesne-Pecollo, N.; Touvier, M. Ultraprocessed Food Consumption
and Risk of Type 2 Diabetes Among Participants of the NutriNet-Santé Prospective Cohort. JAMA Intern. Med. 2020, 180, 283–291.
[CrossRef]

18. Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Andrianasolo, R.M.; Touvier, M. Ultra-processed food intake and risk
of cardiovascular disease: Prospective cohort study (NutriNet-Santé). BMJ 2019, 365, l1451. [CrossRef]

http://doi.org/10.1016/S0008-6363(01)00545-4
http://doi.org/10.1017/S0007114518002593
http://doi.org/10.1006/appe.1999.0244
http://doi.org/10.1111/1467-9280.02452
http://doi.org/10.1016/S0002-8223(96)00185-X
http://doi.org/10.1017/S0007114509992625
https://www.anses.fr/fr/content/inca-3-evolution-des-habitudes-et-modes-de-consommation-de-nouveaux-enjeux-en-mati%C3%A8re-de
https://www.anses.fr/fr/content/inca-3-evolution-des-habitudes-et-modes-de-consommation-de-nouveaux-enjeux-en-mati%C3%A8re-de
http://doi.org/10.1017/S1368980017001367
http://doi.org/10.1136/bmj.k322
http://doi.org/10.1038/s41395-018-0137-1
http://doi.org/10.1001/jamainternmed.2018.7289
http://doi.org/10.1093/ibd/izaa018
http://doi.org/10.1001/jamainternmed.2019.5942
http://doi.org/10.1136/bmj.l1451


Nutrients 2021, 13, 682 13 of 14

19. Adjibade, M.; Julia, C.; Allès, B.; Touvier, M.; Lemogne, C.; Srour, B.; Hercberg, S.; Galan, P.; Assmann, K.E.; Kesse-Guyot, E.
Prospective association between ultra-processed food consumption and incident depressive symptoms in the French NutriNet-
Santé cohort. BMC Med. 2019, 17, 78. [CrossRef]

20. Beslay, M.; Srour, B.; Méjean, C.; Allès, B.; Fiolet, T.; Debras, C.; Chazelas, E.; Deschasaux, M.; Hercberg, S.; Galan, P.; et al.
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. 2020, 17, e1003256. [CrossRef]

21. Monteiro, C.A.; Levy, R.B.; Claro, R.M.; Castro, I.R.; Cannon, G. A new classification of foods based on the extent and purpose of
their processing. Cad. Saude Publica 2010, 26, 2039–2049. [CrossRef]

22. Monteiro, C.A.; Cannon, G.; Moubarac, J.C.; Levy, R.B.; Louzada, M.L.; Jaime, P.C. The UN Decade of Nutrition, the NOVA food
classification and the trouble with ultra-processing. Public Health Nutr. 2018, 21, 5–17. [CrossRef]

23. Monteiro, C.; Cannon, G.; Levy, R.; Moubarac, J.; Jaime, P.; Martins, A.; Parra, D. NOVA. The star shines bright. World Nutr. 2016,
7, 28–38.

24. Le Moullec, N.; Deheeger, M.; Hercberg, S.; Preziosi, P.; Monteiro, P. Validation du manuel-photos utilisé pour l’enquête
alimentaire de l’étude SU. VI. MAX. Cah. Nutr. Diététique 1996, 31, 158–164.

25. Black, A.E. Critical evaluation of energy intake using the Goldberg cut-off for energy intake: Basal metabolic rate. A practical
guide to its calculation, use and limitations. Int. J. Obes. 2000, 24, 1119–1130. [CrossRef] [PubMed]

26. INVS. Étude Nationale Nutrition Santé ENNS, 2006; Institut de Veille Sanitaire: Paris, France, 2007.
27. Hercberg, S.; Chat-Yung, S.; Chaulia, M. The French National Nutrition and Health Program: 2001–2006–2010. Int. J. Public Health

2008, 53, 68–77. [CrossRef]
28. PAHO. Nutrient Profile Model; PAHO HQ Library Cataloguing-in-Publication Data: Washington, DC, USA, 2016.
29. World Health Organization. Diet, Nutrition and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert Consultation;

World Health Organization: Geneva, Switzerland, 2003.
30. World Health Organization. WHO Issues New Guidance on Dietary Salt and Potassium; World Health Organization: Geneva,

Switzerland, 2013.
31. World Cancer Research Fund. Food, Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective; American Institute

for Cancer Research: Washington, DC, USA, 2007.
32. Martínez Steele, E.; Popkin, B.M.; Swinburn, B.; Monteiro, C.A. The share of ultra-processed foods and the overall nutritional

quality of diets in the US: Evidence from a nationally representative cross-sectional study. Popul. Health Metr. 2017, 15, 6.
[CrossRef]

33. Rauber, F.; da Costa Louzada, M.L.; Steele, E.M.; Millett, C.; Monteiro, C.A.; Levy, R.B. Ultra-Processed Food Consumption and
Chronic Non-Communicable Diseases-Related Dietary Nutrient Profile in the UK (2008–2014). Nutrients 2018, 10, 587. [CrossRef]

34. Machado, P.P.; Steele, E.M.; Levy, R.B.; Sui, Z.; Rangan, A.; Woods, J.; Monteiro, C.A. Ultra-processed foods and recommended
intake levels of nutrients linked to non-communicable diseases in Australia: Evidence from a nationally representative cross-
sectional study. BMJ Open 2019, 9, e029544. [CrossRef]

35. Moubarac, J.C.; Batal, M.; Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A. Consumption of ultra-processed foods predicts diet
quality in Canada. Appetite 2017, 108, 512–520. [CrossRef]

36. Vandevijvere, S.; De Ridder, K.; Fiolet, T.; Bel, S.; Tafforeau, J. Consumption of ultra-processed food products and diet quality
among children, adolescents and adults in Belgium. Eur. J. Nutr. 2019, 58, 3267–3278. [CrossRef]

37. Cediel, G.; Reyes, M.; da Costa Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A.; Corvalán, C.; Uauy, R. Ultra-processed foods
and added sugars in the Chilean diet (2010). Public Health Nutr. 2018, 21, 125–133. [CrossRef]

38. Marrón-Ponce, J.A.; Sánchez-Pimienta, T.G.; Louzada, M.L.D.C.; Batis, C. Energy contribution of NOVA food groups and
sociodemographic determinants of ultra-processed food consumption in the Mexican population. Public Health Nutr. 2018, 21,
87–93. [CrossRef]

39. Louzada, M.L.C.; Bortoletto Martins, A.P.; Silva Canella, D.; Galastri Baraldi, L.; Bertazzi Levy, R.; Moreira Claro, R.; Moubarac,
J.-C.; Cannon, G.; Monteiro, C.A. Ultra-processed foods and the nutritional dietary profile in Brazil. Rev. Saude Publica 2015, 49,
38.

40. Baraldi, L.G.; Martinez Steele, E.; Canella, D.S.; Monteiro, C.A. Consumption of ultra-processed foods and associated sociodemo-
graphic factors in the USA between 2007 and 2012: Evidence from a nationally representative cross-sectional study. BMJ Open
2018, 8, e020574. [CrossRef] [PubMed]

41. Lobstein, T.; Dibb, S. Evidence of a possible link between obesogenic food advertising and child overweight. Obes Rev. 2005, 6,
203–208. [CrossRef] [PubMed]

42. Monteiro, C.A.; Levy, R.B.; Claro, R.M.; de Castro, I.R.; Cannon, G. Increasing consumption of ultra-processed foods and likely
impact on human health: Evidence from Brazil. Public Health Nutr. 2011, 14, 5–13. [CrossRef] [PubMed]

43. Moubarac, J.C.; Martins, A.P.; Claro, R.M.; Levy, R.B.; Cannon, G.; Monteiro, C.A. Consumption of ultra-processed foods and
likely impact on human health. Evidence from Canada. Public Health Nutr. 2013, 16, 2240–2248. [CrossRef]

44. Louzada, M.L.D.C.; Ricardo, C.Z.; Steele, E.M.; Levy, R.B.; Cannon, G.; Monteiro, C.A. The share of ultra-processed foods
determines the overall nutritional quality of diets in Brazil. Public Health Nutr. 2018, 21, 94–102. [CrossRef]

45. Louzada, M.L.; Martins, A.P.; Canella, D.S.; Baraldi, L.G.; Levy, R.B.; Claro, R.M.; Moubarac, J.-C.; Cannon, G.; Monteiro, C.A.
Impact of ultra-processed foods on micronutrient content in the Brazilian diet. Rev. Saude Publica 2015, 49, 45. [CrossRef]

http://doi.org/10.1186/s12916-019-1312-y
http://doi.org/10.1371/journal.pmed.1003256
http://doi.org/10.1590/S0102-311X2010001100005
http://doi.org/10.1017/S1368980017000234
http://doi.org/10.1038/sj.ijo.0801376
http://www.ncbi.nlm.nih.gov/pubmed/11033980
http://doi.org/10.1007/s00038-008-7016-2
http://doi.org/10.1186/s12963-017-0119-3
http://doi.org/10.3390/nu10050587
http://doi.org/10.1136/bmjopen-2019-029544
http://doi.org/10.1016/j.appet.2016.11.006
http://doi.org/10.1007/s00394-018-1870-3
http://doi.org/10.1017/S1368980017001161
http://doi.org/10.1017/S1368980017002129
http://doi.org/10.1136/bmjopen-2017-020574
http://www.ncbi.nlm.nih.gov/pubmed/29525772
http://doi.org/10.1111/j.1467-789X.2005.00191.x
http://www.ncbi.nlm.nih.gov/pubmed/16045635
http://doi.org/10.1017/S1368980010003241
http://www.ncbi.nlm.nih.gov/pubmed/21211100
http://doi.org/10.1017/S1368980012005009
http://doi.org/10.1017/S1368980017001434
http://doi.org/10.1590/S0034-8910.2015049006211


Nutrients 2021, 13, 682 14 of 14

46. Parra, D.C.; da Costa-Louzada, M.L.; Moubarac, J.C.; Bertazzi-Levy, R.; Khandpur, N.; Cediel, G.; Monteiro, C.A. Association
between ultra-processed food consumption and the nutrient profile of the Colombian diet in 2005. Salud Publica Mex. 2019, 61,
147–154. [CrossRef]

47. L’Anses Ad, n◦2012-SA-0052 S. Suivi Des. Teneurs en sel des Principaux Vecteurs Entre 2003 et 2011 et Simulation des Impacts sur les
Apports en sel de la Population Française; Agence Nationale de Sécurité Sanitaire de L’alimentation, de L’environnement et du
travail: Paris, France, 2012.

48. Batis, C.; Rivera, J.A.; Popkin, B.M.; Taillie, L.S. First-Year Evaluation of Mexico’s Tax on Nonessential Energy-Dense Foods:
An Observational Study. PLoS Med. 2016, 13, e1002057. [CrossRef]

49. Correa, T.; Reyes, M.; Taillie, L.S.; Corvalán, C.; Dillman Carpentier, F.R. Food Advertising on Television Before and After
a National Unhealthy Food Marketing Regulation in Chile, 2016–2017. Am. J. Public Health 2020, 100, 1054–1059. [CrossRef]

50. Impôts, C. (Ed.) Article 1613 Ter. Créé Par LOI n◦2011-1977 du 28 Décembre 2011—art. 26. Transféré par Décret n◦2012-653 du 4 Mai
2012—art. 1; Paris, France, 2012. Available online: https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000025044460/ (accessed on
19 November 2020).

51. Programme National Nutrition Santé 2019–2023; Ministére des Solidarités et de la Santé: Paris, France, 2019. Available online:
https://solidarites-sante.gouv.fr/actualites/presse/communiques-de-presse/article/lancement-du-4eme-programme-national-
nutrition-sante-2019-2023 (accessed on 19 November 2020).

http://doi.org/10.21149/9038
http://doi.org/10.1371/journal.pmed.1002057
http://doi.org/10.2105/AJPH.2020.305658
https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000025044460/
https://solidarites-sante.gouv.fr/actualites/presse/communiques-de-presse/article/lancement-du-4eme-programme-national-nutrition-sante-2019-2023
https://solidarites-sante.gouv.fr/actualites/presse/communiques-de-presse/article/lancement-du-4eme-programme-national-nutrition-sante-2019-2023

	Introduction 
	Materials and Methods 
	Design and Population 
	Data Collection 
	Food Consumption 
	NOVA Classification 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

