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Abstract

Purpose. While the consumption of ultra-processed foods is steadily increasing, there is a
growing interest in more sustainable diets that would include more plant protein. We aimed to
study associations between the degree of food processing, patterns of protein intake, diet

quality and cardiometabolic risk.

Methods. Using the NOVA classification, we assessed the proportion of energy from
unprocessed/minimally processed foods (MPFp), processed foods (PFp) and ultra-processed
foods (UPFp) in the diets of 1774 adults (18-79y) from the latest cross-sectional French
national survey (INCA3, 2014-2015). We studied the associations between MPFp, PFp and
UPFp with protein intakes, diet quality (using the PANDiet scoring system, the global (PDI),
healthful (hPDI) and unhealthful (uPDI) plant-based diet indices) and the risk of

cardiometabolic death (using the EpiDiet model).

Results. MPFp was positively associated with animal protein intake and plant-protein
diversity, whereas PFp was positively associated with plant protein intake and negatively with
plant-protein diversity. The PANDiet was positively associated with MPFp (=0.14,
P<0.0001) but negatively with UPFp (B=-0.05, P<0.0001). These associations were modified
by adjustment for protein intakes and plant-protein diversity. As estimated with comparative
risk assessment modeling between extreme tertiles of intake, mortality from cardiometabolic
diseases would be decreased with higher MPFp (e.g. by 31% for ischemic heart diseases)

and increased with UPFp (by 42%) and PFp (by 11%).

Conclusions. In the French population, in contrast with UPFp, a higher MPFp was associated
with a higher animal protein intake, a better plant-protein diversity, a higher diet quality and a

markedly lower cardiometabolic risk.

Keywords: Ultra-processed Foods, Dietary Plant Protein, Dietary Animal Protein, Diet

Quality, Plant-Based Diet.
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Introduction

The development of industrially-produced foods is reshaping our food system and therefore
influencing diets worldwide. At present, in many high-income countries such as the USA or
UK, ultra-processed foods (UPF) (usually defined as convenient food and drink products with
high industrially processing and generally many ingredients increasing shelf life and
palatability [1, 2]), contribute more than half of dietary energy intake [3, 4]. In middle-income
countries, this percentage is lower but is seeing a sharp rise [5]. The UPF available on the
market are usually rich in energy, saturated fats, sugar and salt [4, 6]. They also have lower
protein content than less processed foods and diets high in UPF have been associated with

lower protein intake [4, 7].

In high-income countries, animal-based foods are the major source of protein but also have
an important environmental footprint [8, 9]. Therefore, with regard to the global environmental
impacts of the food system, a plant-based protein transition seems necessary to achieve

more sustainable diets [10, 11].

However, although plant-based diets are known to have a positive impact on health [12-14],
plant-based food products differ in terms of their quality and contribution to current diets. In
particular, it has been shown that the associations between plant-based diets and incidences
of coronary heart disease or type 2 diabetes are dependent on the types of plant foods
consumed, whether they are considered as healthy plant foods (e.g. whole grains, fruits, etc.)
or less-healthy plant foods such as more processed foods (e.g. sweetened beverages, fries,
etc.) [15, 16]. Furthermore, it has been recently reported that some vegetarians diets are
associated with high consumption of ultra-processed foods [17] suggesting that the benefit of

diets high in plant-based foods may depend on the actual share of ultra-processed foods.

Indeed, an overall increase in the consumption of UPF has been thought to play a major role
in the pandemics of obesity and diet-related chronic diseases [18, 19]. Many studies have
recently reported associations between the consumption of UPF and non-communicable

diseases [20—23] or mortality rates [24, 25]. An inpatient randomized controlled trial, where
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ultra-processed and unprocessed diets were matched for presented energy and
macronutrients, reported that the consumption of ultra-processed foods resulted in a higher

energy intake (by ~500 kcal) and a 0.9 kg increase in body weight [26].

Therefore, the aim of this study was to investigate the consumption of foods with different
processing degrees and the associated intake of animal or plant protein, the diet quality and
predicted long-term health. We hypothesized that the degree of processing of foods in the
diet is differentially associated with plant/animal protein sources, and that it could explain the

resulting association with the diet quality and cardiometabolic health.

Subjects and Methods

Population and dietary data

The population studied was derived from the third Individual and National Study on Food
Consumption Survey (INCA3), performed in mainland France in 2014-2015 [27]. INCAS3 is a
nationwide and representative survey and its methodology and design are fully described
elsewhere [28]. Of the 2121 adults (18-79y) who completed the whole protocol of the INCA3
survey, under-reporting participants were excluded from their basal metabolic rate estimated
using the Henry equation [29] and the cutoff points proposed by Black [30]. The final sample

thus contained 1774 adults (749 males and 1025 females) (Supplementary Figure S1).

Food and beverage consumption was recorded using three nonconsecutive 24-h dietary
recalls (two on weekdays, one at the week-end) over a 3-wk period. Dietary recalls were
carried out by phone by professional investigators, assisted by the dietary software
GloboDiet [31], and participants were not aware of the days of recall so they could not
anticipate it. The nutrient contents of the foods and beverages were extracted from the 2016
database generated by the French Center for Information on Food Quality (Centre
d’Information sur la Qualité des Aliments; CIQUAL) [32]. Food items were classified into
groups and sub-groups. Individual sociodemographic characteristics were collected from

face-to-face and self-administered questionnaires [28].
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Degree of food processing

The NOVA classification [1] was applied to assess the degree of food processing for each
food product in the INCAS3 database. This classification encompasses four groups: 1)
unprocessed/minimally processed foods (MPF), 2) processed culinary ingredients, 3)
processed foods (PF) and 4) ultra-processed foods (UPF). To discriminate different foods
between these categories, the classification takes account of the technical processing
technique, the presence of additives and product composition. The present study focused on

MPF, PF and UPF consumption.

For most of the food items consumed, the method of preparation was known. If the food was
homemade, eaten in a restaurant or prepared by an artisan, it was broken down into its
ingredients to which the NOVA classification was applied. If the food was industrially
processed or came from a fast food restaurant, the NOVA classification was applied directly
to the food item according to its degree of processing. If the method of preparation was
unknown for a food item eaten by a participant, the most common method of preparation
observed in the population for this particular food was assigned. For each participant the
proportion (%) of total energy intake from unprocessed/minimally processed foods (MPFp),
processed culinary ingredients, processed foods (PFp) and ultra-processed foods (UPFp)

was calculated.

Identification of protein sources

Using the decomposition of food items into ingredients, the protein origin of each ingredient
was assigned to a food family. Food families were either plant-based (“Refined grains”,
“Whole grains”, “Legumes”, “Nuts and seeds”, “Fruits”, “Vegetables”, “Potatoes” and “Other
plant foods”) or animal-based (“Red meat”, “Poultry”, “Fish”, “Processed meat”, “Other

meats”, “Eggs”, “Cheeses”, “Milk”, “Yogurt”, and “Other dairy products”).

The contribution of each plant-based family to plant protein intake was characterized using
the Berry-Index — Plant-based families (BI-PBF) plant protein diversity index, as previously

described [33]. The Berry-Index was used in previous studies to evaluate the evenness of
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the distribution of total energy intake among food groups [34, 35]. The BI-PBF index is
defined as 1 — Y, s;2, where s; is the share of plant-based family i in plant-protein intake,
and n is the total number of plant-based families. A higher score reflects greater diversity
with a more balanced contribution of each plant-based family to plant protein intake.
Likewise, the Berry-Index — Animal-based families (BI-ABF) was used to assess the diversity
of the contribution of animal-based families to animal protein intake.

Nutrient adequacy of the diet

The nutrient adequacy of the diet was assessed using version 3.1. of the Probability of
Adequate Nutrient Intake (PANDiet) scoring system [36, 37], based mainly on the dietary
reference intake from the 2016 opinion issued by the French Agency for Food,
Environmental, and Occupational Health and Safety (ANSES) [38]. The reference values
were adapted to take account of the different nutrient requirements of adults aged over 65y
[39]. The PANDiet score is the mean of the adequacy subscore (AS) and the moderation
subscore (MS). AS is the mean of the probabilities of adequacy for 27 nutrients for which the
usual intake should be above a reference value, multiplied by 100. MS is the mean of the
probabilities of adequacy for six nutrients for which an upper bound reference value exists,
multiplied by 100 (Supplementary Table S1). Each probabilities of adequacy are calculated
using the mean intake, the intra-individual (i.e. day-to-day) variability of intake, the inter-
individual variability and the nutrient reference value [36]. The PANDiet score ranges from 0

to 100 and the higher the score, the better the overall nutrient adequacy of the diet.

Adherence to a plant-based diet

The Plant-based Diet Indices, developed by Satija et al. [16], were used to assess how much
a diet was based on plant-based foods. The PDIs comprise three indices which distinguish
plant-based foods according to their impact on health: the overall plant-based diet index
(PDI), the healthful plant-based diet index (hPDI) and the unhealthful plant-based diet index
(uPDI). To calculate these scores, foods were assigned to healthy plant food groups (whole

grains, fruits, vegetables, nuts, legumes, vegetable oils and tea/coffee), less healthy plant
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10

food groups (fruit juices, sugar-sweetened beverages, refined grains, potatoes and
sweets/desserts), or animal food groups (animal fats, dairy, eggs, fish/seafood, meat and
miscellaneous animal-based foods). The consumption of each food group was calculated for
each individual. The PDI gives more points to high consumers of plant-based food groups
than to those with a high consumption of animal food groups. The hPDI gives more points to
high consumers of healthy plant food groups and fewer points to high consumers of less
healthy plant food groups and animal food groups. Symmetrically, the uPDI gives more
points to high consumers of less healthy plant food groups than to high consumers of healthy

plant food groups or animal food groups [15] (Supplementary Table S2).

Predicting the impact on cardiometabolic death

The impact of dietary patterns on cardiometabolic death was evaluated using the EpiDiet
(Evaluate the Potential Impact of a Diet) model, which is a simulation-based nutritional and
epidemiologic model that implements the Comparative Risk Assessment framework [11, 40],
enabling prediction of the positive or negative impact on long-term health that would result
from changes in the diet for an individual, group or population, as previously described [41].
The EpiDiet model was written in Python and deployed on a High Performance Computing
framework. Two sources of data were used to develop the EpiDiet model. The first source of
data was the relative risk estimates that relates the nutritional factors to the disease endpoint
and that have been reported in validated international meta-analyses [42—44]. Disease scope
was defined according to the International Statistical Classification of Diseases and Related
Health Problems [45]. Second, the French population demographics and mortality in 2014
(being the year of the dietary survey) were used, provided respectively by the National
Institute of Statistics and Economic Studies (INSEE) [46], and the Epidemiological Centre on
Medical Causes of Death (CEPIDC) [47]. Nutritional factors and diseases included in the
EpiDiet model are presented in Supplementary Figure S2. In this study, only coronary heart
diseases, cerebrovascular diseases and diabetes were considered. The EpiDiet model

therefore evaluated the potential impacts of dietary changes associated with patterns of
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intake according to food processing on the number of death from these diseases in the

French population, if the whole population was adopting the dietary change.

Statistical analysis
The population was stratified into tertiles in three different ways according to the proportion of
total energy intake from MPF (MPFp), PF (PFp) or UPF (UPFp) in their diet. Cross-classified

frequencies of the MPFp, PFp and UPFp tertiles are presented in Supplementary Table S3.

Categorical variables are presented as percentages, and differences across the tertiles were
assessed by x? test. Continuous variables are presented as means + SEM, adjusted for the
season of recall, in order to take into account that the degree of processing may depend on
the seasonality of food products. Differences across the tertiles of each NOVA group or
between the third tertiles of MPFp, PFp and UPFp within the general population were
assessed by ANOVA adjusted for the season of recall. Protein intakes were adjusted for total
energy intake using the residual method [48]. The weighting schemes proposed in INCA3

were used to account for the complex survey design.

Associations between diet quality indices (PANDiet and PDIs) and the proportions of total
energy intake from MPF, PF and UPF were analyzed using multiple linear regression
models. First, the proportions of processed culinary ingredients, PF and UPF were included
in the same model in order to study their associations with diet quality indices independently
of each other. In this way, associations could be interpreted as the effect of substitution of
one of these variables with the proportion of MPF (not included in the model and therefore
taken as the reference). Associations with diet quality indices were then estimated separately
for the proportions of total energy intake from MPF, PF and UPF, with a further adjustment
for protein intakes and/or plant protein diversity. The potential confounding factors included in
the models, because of their associations with NOVA groups, were total energy intake
(continuous), age (continuous), sex (two levels), educational level (four levels), occupational
status (eight levels), city size (five levels), perception of financial status (six levels), season of

record (four levels), region of France (five levels) and matrimonial status (five levels).
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For each NOVA group (MPF, PF and UPF), the EpiDiet model was implemented to compare
the first tertile (baseline scenario) with the third tertile (counterfactual scenario). The number
of deaths potentially avoided (or, conversely, added) were simulated among French adults
from cerebrovascular, ischemic heart diseases and diabetes if the dietary patterns of the
French population would shift from the baseline to the counterfactual scenario, according to
the number of deaths observed in 2014 in the French population. The population was
stratified 5-year age bands and sex in order to take better account of the disparities
regarding diet, diseases and relative risks between groups. All foods and nutrients (except
sodium) were adjusted for total energy intake using the residual method [49], while fatty
acids were expressed as a percentage of total energy intake. Sensitivity analyses were
performed to determine the weight of each nutritional factor in the estimation of number of

deaths [50].

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA.), except the EpiDiet model that was performed with Python version 3.7.1. Significance

was set at P<0.05.

Results

In the overall population, MPF contributed to 32.8 + 12.1% of energy intake, PF to 24.9 +

12.2% of energy intake and UPF to 30.6 + 15.8% of energy intake (data not shown).

Participants in the third tertile of MPFp, compared to those in the first tertile, were more likely
to be women (57.0% vs 43.4%) and aged over 50y (53.2% vs 29.4%). Participants in the
third tertile of PFp, compared to those in the first tertile, were more likely to be men (62.2%
vs 40.1%) and aged over 50y (57.2% vs 31.9%). Participants in the third tertile of UPFp,
versus those in the first tertile, were more likely to be younger than 35y (46.2% vs 8.7%) with

no difference regarding sex (Supplementary Table S4).

Degree of processing and protein consumption
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Compared to the first tertile of MPFp, individuals in the third tertile consumed more animal
protein (61.0 g/day vs 51.1 g/day) and plant protein (26.4 g/day vs 25.7 g/day) and had a
lower contribution of plant protein in the diet (31.2% of total protein intake vs 35.0%). Red
meat, poultry, fish and yogurt contributed more to animal protein intake whereas processed
meat and cheese contributed less when compared to the first tertile (Supplementary Table
S5). Regarding plant protein intake, refined grains had a lower contribution in the third tertile
compared to the first (47.3% vs 60.7%) and other plant-based families made greater
contributions which resulted in more plant protein diversity, expressed as BI-PBF (0.64 vs

0.55), with a better contribution of different plant protein sources (Fig. 1a).

Fig. 1 Contribution of plant-based food families to plant protein intake, expressed as the
percentage of plant protein intake, and plant protein diversity, expressed as the Berry-Index
— Plant-based families (BI-PBF) across tertiles of the proportion of total energy intake from a.
unprocessed/minimally processed foods (MPF), b. processed foods (PF) and c. ultra-
processed foods (UPF) in the French adult population INCA3 (n=1774) (Values are means

adjusted for the season of recall; * indicates significantly different from the first tertile)

Total animal protein intake did not change across the tertiles of PFp. However, cheese and
processed meat contributed more to animal protein intake whereas milk, eggs and yoghurt
contributed less in the third vs the first tertile. Plant protein intake was higher in the third
compared to the first tertile of PFp (29.0 g/day vs 23.7 g/day) and so was the proportion of
plant protein in the diet (35.7% of total protein intake vs 31.7%) (Supplementary Table S5).
The contribution of refined grains to plant protein intake was higher in the third than in the
first tertile (62.2% vs 48.8%) resulting in less plant protein diversity (BI-PBF of 0.53 vs 0.64).
Therefore, plant protein intake was less evenly distributed among plant protein sources in the

third than in the first tertile of PFp (Fig. 1b).
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Plant protein intake was lower in the third tertile of UPFp than in the first tertile (24.1 g/day vs
28.4 g/day and 32.3% of total protein intake vs 35.3%). Animal protein intake did not differ
significantly across the UPFp tertiles, but when comparing the third tertile with the first,
processed meat and milk contributed more to animal protein intake while poultry, fish and
cheese contributed less (Supplementary Table S5). Plant protein diversity did not change

significantly across the tertiles (Fig. 1c).

Degree of processing and food group consumption

As for protein intakes, mean intakes of food groups differed between the third tertiles of the
proportion of MPF, PF and UPF in the diet (Supplementary Figure S3). Compared to the
general population, participants in the highest tertile of MPFp consumed more plant foods
that are usually minimally processed such as soups (+53%), nuts and oilseeds (+50%), and
fruits (+36%), animal foods that are usually minimally processed such as fish (+37%), poultry
(+32%) or milk (+31%) and less processed meat (-39%), savory pastries (-52%) and
alcoholic beverages (-37%). Participants in the highest tertile of PFp consumed more refined
bread (+67%), alcoholic beverages (+51%), cheeses (+40%) and processed meats (+15%)
and less breakfast cereals (-63%) and sweet beverages (-48%) compared to the general
population. Finally, participants in the highest tertile of UPFp consumed less minimally
processed plant or animal foods, and more processed meats (+23%), sweet beverages
(+70%), breakfast cereals (+63%), savory pastries (+59%), confectionery and chocolate

(+39%) and fruit juices (+34%).

Associations between food processing and diet quality, and related to protein intakes

The PANDiet score and its sub-scores (adequacy sub-score, AS and moderation sub-score,
MS) increased with the proportion of MPF and to a lesser extent with the proportion of PF,
whereas they decreased in the higher tertile of UPFp. Similarly, the PDI and hPDI scores
increased with the proportion of MPF and decreased with the proportion of UPF. The

opposite trend was observed for the uPDI score (Fig. 2 and Supplementary Table S6).
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Fig. 2 Diet quality indices across tertiles of the proportion of total energy intake from
respectively unprocessed/minimally processed foods (MPFp), processed foods (PFp) and
ultra-processed foods (UPFp) in the French adult population INCA3 (n=1774). a, b and c
respectively, PANDiet score, Adequacy sub-score (AS) and Moderation sub-score (MS). d, e
and f respectively, Plant-based diet (PDI), Healthy plant-based diet (hPDI) and Unhealthy
plant-based diet (uPDI) scores (values are means + SEM adjusted for the season of recall; *

indicates significantly different from the first tertile)

In a model using mutually adjusted NOVA categories and representing substitutions for
MPFp, PANDiet was negatively associated with increases of PFp (f=-0.11) and UPFp (B=-
0.16), while uPDI was positively associated with PFp (=0.12) and UPFp ($=0.13) and hPDI

was negatively associated with UPFp (=-0.05) but not with PFp (Table 1).

Associations with PANDiet, hPDI and uPDI were then evaluated independently with respect
to MPFp, PFp and UPFp variables (Table 2). The PANDiet score was positively associated
with MPFp (8=0.14), and the association was attenuated when controlling for protein intake
and/or plant protein diversity (BI-PBF). PANDiet was not associated with PFp but was
associated when controlling for BI-PBF (3=0.05) and negatively associated when controlling
for protein intake (B=-0.08) and when controlling for protein intake and BI-PBF (p=-0.04).
PANDiet was negatively associated with UPFp (f=-0.05) in all models except when
controlling only for protein intake. hPDI was positively associated with MPFp ($=0.04) unless
controlling for BI-PBF, but not associated with PFp (unless controlling for BI-PBF (3=0.11) or
for protein (f=-0.03)), and negatively associated with UPFp (=-0.07) in all models. uPDI was
negatively associated with MPFp (3=-0.13) in all models but the association was attenuated
when controlling for protein intake and BI-PBF, and positively associated with PFp (3=0.04),

unless when controlling for BI-PBF (8=-0.07), and UPFp (8=0.06) in all models.
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Furthermore, the association between the degree of food processing and its impact on health
outcomes was estimated according to the dietary patterns computed from the proportion of
total energy intake from MPF, PF and UPF taken separately, using the EpiDiet model. Our
simulation revealed that diets containing a higher proportion of MPF could be more beneficial
to health (Fig. 3). Compared to the figures of death observed in the French population in
2014 (9,709 deaths from cerebrovascular diseases, 13,020 from ischemic heart diseases
and 3,597 from diabetes), consumption of a diet with higher MPFp (consumption pattern of
the 3" tertile of MPFp compared to the 1% tertile) could potentially decrease the number of
deaths from cerebrovascular diseases by 25% [23-27%, 95% uncertainty interval] with 2419
deaths being avoided, from ischemic heart diseases by 31% [29-33%, 95%UI] with 4023
deaths being avoided, and from diabetes by 19% [16-21%, 95%UI] with 665 deaths being
avoided. Meanwhile, higher share of UPFp in the diet (consumption pattern of the 3™ tertile of
UPFp compared to the 1% tertile) could increase deaths from metabolic diseases: the
theoretical percentage of deaths added was 19% [16-22%, 95%UI] for cerebrovascular
diseases (+1880 deaths), 42% [11-73%, 95%UI] for ischemic heart diseases (+5448 deaths)
and 30% [-3-63%, 95%UlI] for diabetes (+1066 deaths). The same numbers for dietary
patterns computed from PFp were 20% [18-22%, 95%UI] for cerebrovascular diseases
(+1911 deaths), 11% [6-16%, 95%UI] for ischemic heart diseases (+1419 deaths), and 16%
[5-26%, 95%UlI] for diabetes (+560 deaths). For the estimation of the avoided death with
higher MPF consumption, main explaining factors of the model were the higher consumption
of fruits and vegetables and the lower consumption of processed meats. For the estimation
of the excess death with higher PF consumption, main explaining factors of the model were
the lower consumption of nuts and seeds, the higher consumption of sodium and a higher
energy intake, whereas for excess death with higher UPF consumption, main explaining
factors of the model were the lower consumption of vegetables and the higher consumption

of processed meats and sugar-sweetened beverages (Supplementary Table S7).
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Fig. 3 Estimation of potentially avoided or added cardiometabolic deaths (+ 95% CI) when
shifting from first to third tertile of MPFp (proportion of total energy intake from
unprocessed/minimally processed foods), PFp (proportion of total energy intake from
processed foods) and UPFp (proportion of total energy intake from ultra-processed food, as
predicted by the EpiDiet (Evaluate the Potential Impact of a Diet), compared to the number of
deaths of the French adult population (the percentage corresponds to the percentage of

death added (if positive) or avoided (if negative))

Discussion

This study has shown that consumption of MPF was associated with total and animal protein
intakes and diet quality; consumption of PF was associated with under-diversified plant
protein intake and inversely with diet quality; and consumption of UPF was inversely
associated with total protein intake and diet quality. Most associations between the degree of
food processing and diet quality were attenuated when adjusting for total protein intake and

plant protein diversity.

The sociodemographic characteristics of people consuming high proportions of MPF and PF
in their diet had many similarities and both appeared to contrast with those of individuals
eating a high proportion of UPF. Similar sociodemographic profiles for high consumers of
MPF had been found in a study in the UK, where women and older people had a higher
percentage of energy intake from MPF [51]. The fact that younger adults and people in lower
socioeconomic groups consume more UPF has been reported in previous studies [52—-54].
This can be taken as an illustration of the continuing shift from traditional diets towards a

western diet that is rendered uniform by ultra-processed foods [55].

The degree of food processing was associated with the plant/animal protein pattern. A higher
consumption of MPF meant higher intakes of total protein mostly as animal protein. This

could be expected inasmuch as the main food groups contributing to animal-based proteins
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are classified as unprocessed/minimally processed foods such as poultry, red meat, fish,
yogurt and milk. With a higher PF consumption, intakes of plant protein were higher, and this
could be almost fully ascribed to a much higher intake of bread, under a general pattern that
may be referred to as traditional [56, 57]. Indeed, in high PF consumers, 62% of plant protein
came from refined grains, which explains why a higher consumption of processed foods was
associated with a poorer plant protein diversity, in contrast with high consumers of MPF who
had a more diverse plant protein intake. High consumers of UPF had lower protein intakes,
as reported in previous studies [51, 58, 59], this could be ascribed to a lower consumption of
protein food groups and higher intake of more miscellaneous food groups low in protein such

as sweet beverages, pastries or confectionery.

This study provides a fairly comprehensive view of the relationship between the degree of
food processing and diet quality. Higher consumers of MPF had greater nutrient adequacy,
higher healthful PDI, lower unhealthful PDI, and a lower predicted risk of death from
cardiometabolic diseases, whereas the opposite applied among higher consumers of UPF.
The results using substitution models clearly showed that substituting MPF by PF or UPF

had a detrimental effect on diet quality.

In another French population, poorer compliance with dietary guidelines was found in the
highest quartile of ultra-processed food consumers [52]. This association had also been
found in the US population where overall dietary quality was measured using a nutrient
balanced-pattern PCA-derived factor score [59]. The consumption of UPF has been
associated with excessive sugar intake [60] and with lower intakes of vitamins and minerals
[58], although this might depend on the level of usage of fortification in the food industry.
Regarding long-term health effects of consumption of UPF, our assessment of changes in
mortality rates from cardiovascular diseases are in line with findings in the literature,
inasmuch as a higher consumption of ultra-processed foods has been associated with a
higher risk of all-cause mortality of 31% in the USA [25] and 44% in Spain [24]. Among UK

adults, a higher consumption of UPF has also been associated with a higher risk of obesity
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[61]. While the literature regarding UPF consumption has been growing, characterizing diet
quality and the health impact of consuming MPF have been overlooked and the data are
scarce [51]. However, it should be noted that a high consumption of MPF is ubiquitous in
traditional reference diets such as the Mediterranean diet which has proven health benefits

[62].

In our study, using comparative risk assessment on the diets, we estimated higher deaths
from cardiovascular diseases with higher consumption of UPF or PF, and lower deaths with
higher consumption of MPF. We were able to identify nutritional factors that contributed to
estimates of avoided or added death. Differences in BMI and energy intake were important
factors for high consumers of MPF and PF, although less than nutritional factors, but they
were more secondary for high consumers of UPF. Estimations of deaths from high
consumption of UPF are therefore poorly attributable to energy intake and BMI but to other
nutritional factors. High consumers of MPF have a dietary pattern that is known to be
associated with lower risk of cardiovascular diseases (fruits, vegetables, nuts, but also fish
and dairy) whereas high consumers of PF and UPF consumed more food groups known to
be associated with higher risk of cardiovascular diseases (refined grains, products rich in
sodium, alcohol, sugar-sweetened beverages, etc.) [63, 64]. Furthermore, adherence to
overall plant-based diet index (PDI) have been associated with a lower risk of cardiovascular
disease, cardiovascular disease mortality and all-cause mortality [65], which is consistent
with our findings since PDI only increased with higher share of MPF, where lower estimates
of death from cardiovascular diseases were observed. Using modelling analysis to predict
the impact of sustainable diets strategies on health, a study found that adopting diets that are
more plant-based would decrease mortality up to 12% [66]. The methodological framework
used in this study was similar to the Epidiet model that we used, although we included more

nutritional factors (24 instead of 9) and only focused on mortality from three diseases.

Beyond showing the association between the degree of processing of the foods consumed

and diet quality, the major new finding of this study was that the specific profiles of protein
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consumption associated with these patterns are an important determinant of the relationship
with diet quality. In particular, the association between the proportion of MPF and most diet
quality criteria were attenuated when adjusting for protein intake and plant protein diversity.
Likewise, the relationships between the proportions of PF and UPF and nutrient adequacy

were attenuated or inversed when adjusting for protein intake and plant protein diversity.

Indeed, protein intake is an important determinant of diet quality and this is closely
dependent on the type of protein food consumed [13, 56, 67]. Plant protein intake and plant-
based diets are generally considered as healthy but there are some unhealthful versions of
plant-based diets [15, 16]. This may explain why in our study the consumption of processed
foods was associated with lower dietary quality even though it is accompanied by a higher
intake of plant protein. Plant protein consumed in high consumers of processed foods, mostly
refined grains, may not be an important contributor to diet quality, compared to other sources
such as legumes, nuts and seeds, and plant protein diversity appears as a condition for a

beneficial effect of plant protein, confirming our earlier report [33].

We believe that our present findings lend further credence to this viewpoint by showing that
the relationship between patterns of food processing and diet quality are in part linked to the
pattern of plant/animal protein intake. People with a high consumption of MPF have a higher
animal protein intake but this comes from raw sources, and they have a better diversity of
plant protein intake, all of which explain better diet quality. People with a high consumption of
PF would have a better diet quality if the increase in plant protein intake were not at the
expense of its diversity [33]. People with a high consumption of UPF have a lower intake of
protein foods, a lower plant:animal protein intake and are reliant on diverse ultra-processed

foods which taken together have a detrimental effect on their diet quality.

More and more consumers are prone to shift towards a more plant-based diet [68, 69], but
this occurs in the context of a food offer that is increasingly dominated by processed and
ultra-processed foods which exert an adverse effect on diet quality. This plant-based shift

may contribute to improving some aspects of sustainability such as the environmental impact
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of the diet, but the final impact on its quality and on health outcomes will depend to a great
extent on the composition of the plant-based foods and overall diet consumed. Our study has
highlighted two possible better pathways, which consist in either increasing the consumption
of MPF, preferably with a higher plant protein intake, or choosing processed foods that
contribute to an increase in the proportion of plant proteins while maintaining plant protein
diversity and enabling the favorable nutrient package traditionally associated with plant

proteins.

Limitations of the study

One limitation of this study may concern our use of the NOVA classification, where the ultra-
processed foods group is very broad and includes markedly differing foods that have been
ascribed to this group for different reasons (presence of additives or highly technological food
processing). Some food items are also classified according to their method of preparation,
requiring imputations that could be questionable (i.e. systematically considering foods from
fast-food restaurant as industrially processed). However, the NOVA classification has been
largely employed in the literature and its use offers a clear reference when discussing our
results. Another limitation concerns our food composition database. Indeed, a food item with
the same overall label was assigned to different NOVA categories depending on its origin
despite there being a lack of data regarding its composition. Regarding the study size and
generalizability, the present study took advantage of a representative setting in a country
with western dietary patterns and an important share of industrial foods, with a diversity of
patterns. High consumers of MPF and UPF appear to have dietary patterns comparable to
those reported in studies using other samples. High consumers of PF, which represent a
more traditional pattern might be less generalizable, but data are lacking for further analysis
since this NOVA category has been much less studied. Lastly, although the data came from
the latest French national representative survey (in 2014-2015), they may not have been
sufficiently recent to reflect current dietary transitions and the increased use of plant-based

products.
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Conclusion

Although the consumption of UPF has been widely studied in recent years, to our knowledge
very few studies have investigated the associations between the consumption of MPF, PF
and diet quality. Using a variety of indices, we found that the consumption of MPF was
associated with higher diet quality whereas the opposite trend was found with consumption
of UPF. We also show that protein consumption patterns differed according to the degree of
food processing, and that it explains part of the associations with diet quality. Higher
consumers of MPF had a higher protein intake, with a lower plant:animal protein ratio, but
they had a healthier plant-based protein intake and a fully favorable dietary pattern. Higher
consumers of PF had higher plant protein intakes but lower plant protein diversity, and a
greater risk of cardiometabolic death. Higher consumers of UPF had a lower protein intake
and poor diet quality on all dimensions, including a markedly higher cardiometabolic risk. We
can thus conclude that healthy plant protein patterns are crucial to a future shift in protein
intake in the context of a food system that is increasingly dominated by ultra-processed

foods.
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Table 1 Estimated effect of substituting unprocessed/minimally processed foods (MPF) with
processed culinary ingredients, processed foods (PF) or ultra-processed foods (UPF) on the

PANDiet, hPDI and uPDI diet quality scores under a mutually adjusted multivariate

substitution model2.

PANDiet hPDI uPDI
B (95% Cl) P B (95% Cl) P B (95% Cl) P
Proportion of total energy intake from PF® -0.11 (-0.14, -0.09)  <0.001 0.00 (-0.03, 0.03) 0.871 0.12 (0.09, 0.16) <0.001
Proportion of total energy intake from UPF®  -0.16 (-0.19, -0.14)  <0.001 -0.05 (-0.08, -0.03) <0.001 0.13 (0.10, 0.16) <0.001

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. Values are regression coefficients (95% ClIs) estimated with multiple
linear regressions. Data were collected by three 24h recalls.

> Model where the proportion of processed culinary ingredients, PF and UPF in the diet were included for mutual adjustment. The proportion of MPF was
not included since it was taken as a reference for substitution. The model was adjusted for total energy intake, age, sex, educational level, occupational
status, city size, perception of financial status, season of record, region of France and matrimonial status. The association with the proportion of processed
culinary ingredients in the diet is not presented since it seems unlikely to substitute foods with culinary ingredients.

hPDI, healthy Plant-based Diet Index; NS, non-significant; PANDiet, Probability of Adequate Nutrient Intake in the Diet; PF, processed foods; uPDI,
unhealthy Plant-based diet Index; UPF, ultra-processed foods.
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Table 2 Associations between the PANDiet, hPDI and uPDI diet quality scores and variables

of the NOVA classification (proportion of total energy intake from unprocessed/minimally
processed foods (MPF), processed foods (PF) and ultra-processed foods (UPF)) using

multivariate models adjusted for the characteristics of protein intake, in the French adult

population?.

PANDiet hPDI uPDI
B (95% CI) P B (95% ClI) P B (95% CI) P

Proportion of total energy intake from MPF

Basic model® 0.14 (0.12, 0.16) <0.001 0.04 (0.01, 0.06) 0.003 -0.13 (-0.15, -0.10) <0.001

Controlling for protein intake® 0.10 (0.08, 0.12) <0.001 0.06 (0.03, 0.08) <0.001 -0.10 (-0.13, -0.07) <0.001

Controlling for BI-PBFY 0.12 (0.10, 0.14) <0.001 0.00 (-0.03, 0.02) 0.850 -0.07 (-0.10, -0.04) <0.001

Controlling for protein intake + BI-PBF® 0.07 (0.05, 0.09) <0.001 0.00 (-0.02, 0.03) 0.771 -0.04 (-0.06, -0.01) 0.004
Proportion of total energy intake from PF

Basic model® 0.02 (-0.02, 0.02) 0.965 0.02 (0.00, 0.05) 0.084 0.04 (0.02, 0.07) 0.002

Controlling for protein intake® -0.08 (-0.11, -0.06)  <0.001 -0.03 (-0.05, 0.00) 0.045 0.06 (0.04, 0.09) <0.001

Controlling for BI-PBFY 0.05 (0.03, 0.08) <0.001 0.11 (0.08, 0.13) <0.001 -0.07 (-0.10, -0.04) <0.001

Controlling for protein intake + BI-PBF® -0.04 (-0.06,-0.01)  0.002 0.06 (0.04, 0.09) <0.001 -0.04 (-0.07, -0.01) 0.005
Proportion of total energy intake from UPF

Basic model® -0.05 (-0.07,-0.04)  <0.001 -0.07 (-0.09, -0.05) <0.001 0.06 (0.04, 0.08) <0.001

Controlling for protein intake® -0.01 (-0.03, 0.00) 0.151 -0.05 (-0.07, -0.03) <0.001 0.05 (0.03, 0.08) <0.001

Controlling for BI-PBF¢ -0.06 (-0.08, -0.05) <0.001 -0.09 (-0.11, -0.07) <0.001 0.08 (0.06, 0.10) <0.001

Controlling for protein intake + BI-PBF® -0.02 (-0.04, 0.00) 0.024 -0.06 (-0.08, -0.04) <0.001 0.07 (0.05, 0.09) <0.001

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. Values are regression coefficients (95% Cls) estimated with multiple
linear regressions. Data were collected by three 24h recalls.
bBasic model adjusted for total energy intake, age, sex, educational level, occupational status, city size, perception of financial status, season of record,

region of France and matrimonial status.

°Basic model further adjusted for animal protein and plant protein intakes, both being energy-adjusted using the residual method.
dBasic model further adjusted for plant protein diversity, evaluated with the BI-PBF score.

eBasic model further adjusted for animal protein and plant protein intakes and plant protein diversity (BI-PBF score).

BI-PBF, Berry-Index — Plant-based families; hPDI, healthy Plant-based Diet Index; MPF, unprocessed/minimally processed foods; NS, non-significant;
PANDiet, Probability of Adequate Nutrient Intake; PF, processed foods; uPDI, unhealthy Plant-based diet Index; UPF, ultra-processed foods.
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Supplementary Table S1 Reference values of the PANDiet scoring system.

PANDiet score*

Average of Adequacy and Moderation subscores

Adequacy subscore

Moderation subscore

Nutrient Refer((/eggf)g/alue Variability | Source Nutrient Vzﬁjzr?/ggs) Variability | Source
Protein 0.66 or 0.8 g/kg bw 12.5% [1] Protein 2.2 g/kg bw 12.5% [2]
LA 3.08% EIEA 15% [3] Total fat 44% EIEA 5% [2]
ALA 0.769% EIEA 15% [3] SFA 12% EIEA 15% [2]
DHA 0.192 g 15% [3] Carbohydrates | 60.5% EIEA 5% [2]
Sugars (without
EPA + DHA 0.385¢g 15% [3] lactose) 100 g 15% [2]
Fiber 23g 15% 2] Sodium ;g‘fgrg; 40% 2]
Vitamin A 570 or 490 ug 15% [2]
Thiamin 0.3 mg/1000 kcal 20% [4] Tolerable Upper Intake Limits Source
iboflavin 1.3 mg 15% . 3000 ug
Riboflavi 4 (r;/tlltr?(r)ql(r)]n’?y) 2
Niacin 5.44 mg NE/1000kcal 10% [2] Niacin 900 mg [2]
Pangoctize”'c 3.62 or 2.94 mg 30% 2] Vitamin B6 25 mg 2]
Vitamin B-6 1.50r1.3mg 10% [5] Folate 1170 pg [2]
Folate 250 pg 15% [2] Vitamin D 100 pg [2]
Vitamin B-12 3.33 ug 10% [2] Vitamin E 300 mg [2]
Vitamin C 90 mg 10% [2] Calcium 2500 mg [2]
Vitamin D 10 ug 25% [2] Copper 10 mg [2]
Vitamin E 5.8 or 5.5 mg 40% [2] lodine 600 pg [2]
Calcium | 860 (<(=>§i 5'2’)‘” 790 1 1506 0r13% | [2] 3‘;9522'8?512 250 mg 2]
Copper 1.0 or 0.8 mg 15% [2] Selenium 300 pg [2]
_ Iodi_ne 107 pg 20% [2] Zinc 25 mg [2]
B|oqva||ab|e See formula in de Gavelle et al. (7) [2]
iron
Magnesium 5 mg/kg bw 15% [2]
Manganese 1.56 or 1.39 mg 40% [2]
Calcium (mmol) / 1.65 7.5% + CV
Phosphorus | c.f. phosphorus section Calcium [4]
in de Gavelle et al. [6] (mg)
Potassium 2692 mg 15% [4]
Selenium 54 ug 15% [2]
B'Oaz"ifl“c'ab'e 0.642 + 0.038 b.w. 10% 2]

The PANDiet score is expressed as the average of an adequacy subscore (AS — accounting for 27 nutrients) and a moderation
subscore (MS — accounting for six nutrients, plus 12 potential penalty values). DHA and EPA+DHA are weighted by a factor of 1/2
as DHA is present twice. Niacin equivalents were calculated as the sum of dietary niacin and 1/60 dietary tryptophan. The complete
construction of the score has been described elsewhere [7, 8].
2The PANDiet 3.1 version is mainly based on the dietary reference intake from the 2016 Anses opinion [2]. PANDiet was modified
from its previous version [8] in order to be used also in older adults [9]. According to ANSES opinion, the reference values for
vitamins and minerals and the contribution of macronutrients to energy intake are similar to those of adults. Only protein intake
should be higher (with a population reference intake of 1 g/kg/d vs 0.83 g/kg/d for younger adults). The reference value for proteins
was therefore adapted for adults over the age of 65y.
ALA, alpha-linolenic acid; bw, body weight; CV, coefficient of variation; DHA, docosahexaenoic acid; EIEA, energy intake excluding
alcohol; EPA, eicosapentaenoic acid; LA, linoleic acid; NE, niacin equivalent; SFA, saturated fatty acids.




Supplementary Table S2 Food groups used to calculate PDI scores, and scoring system, as
proposed by Satija et al. [10, 11]

Overall plant- Healthy plant- Unhealthy plant-
based diet index based dietindex based diet index
(PDI) (hPDI) (uPDI)
(18-90 points) (18-90 points) (18-90 points)

Plant Food Groups?

Healthy
Whole grains Positive scores? Positive scores Reverse scores?®
Fruits Positive scores Positive scores Reverse scores
Vegetables Positive scores Positive scores Reverse scores
Nuts Positive scores Positive scores Reverse scores
Legumes Positive scores Positive scores Reverse scores

Vegetable oils
Tea and coffee

Less healthy

Fruit juices

Refined grains

Potatoes

Sugar sweetened beverages
Sweets and desserts

Positive scores
Positive scores

Positive scores
Positive scores
Positive scores
Positive scores
Positive scores

Positive scores
Positive scores

Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores

Reverse scores
Reverse scores

Positive scores
Positive scores
Positive scores
Positive scores
Positive scores

Animal Food Groups

Animal fats
Dairy

Eggs

Fish or seafood
Meat

Miscellaneous animal-based foods

Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores

Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores

Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores
Reverse scores

!Each food item was attributed to a food group (mixed foods were broken down into ingredients which were then
attributed to a food group). The mean quantity of each food group consumed each day per individual was worked
out instead of the frequencies of consumption, because our data came from 24h recalls and not a FFQ, as was the
case in the study by Satija et al. The consumption of each food group was stratified into quintiles among
participants. For each food group, a score between 1 and 5 was applied.

2For positive scores, the highest scores were attributed to the individuals in the highest consumption quintiles (i.e. 5
points for the 5" quintile to 1 point for the 1% quintile).

3For reverse scores, individuals in the higher quintiles received fewer points that individuals in the lower quintiles
(i.e. 1 point for the 5" quintile to 5 point for the 1% quintile).
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Supplementary Figure S1 Flow chart explaining the sampling of French participants from the third
Individual and National Study on Food Consumption Survey (INCA3).



ATILES I20-125: Ischaemic heart diseases
Veggtables = 160-169: Cerebrovascular diseases
Fibre I10-115: Hypertensive disease
Nuts/seeds E g 150: Heart Failure
Whole grains > Energy Balance 171/ Aortic aneurysm
Red meats > 126: Pulmonary embolism
Processed meats 105-109: Rheumatic heart disease
SSBs
Sodium
- N18: Chronic renal failure
Energy
Cholesterol .
Total fat Obesity _ _
Saturated fat - K70, K74: Liver disease
PUFA
MUFA
Seafood w-3 fats |
>
: E11, E14: Diabetes
L Blood Cholesterol
Alcohol J40-J44: Chronic obstructive
Smoking pulmonary disease

Physical activity
Sedentary behaviors

C00-C14: Lip, oral cavity and pharynx
C15: Oesophagus
C16: Stomach
C34: Brochus and lung
C25: Pancreas
C18-C20: Colorectum
C50: Breast

Ethnicity C54.1: Endometrium
Sex N C23: Gallbladder
Age > C64: Kidney
BMI Blood Pressure C67: Bladder
Height > C22: Liver
Hypertensives C53: Cervix

Supplementary Figure S2 A conceptual framework showing the relationship between the risk factors and the disease outcomes, implemented in the EpiDiet
model. The left column lists the risk factors considered (foods, macro and micro-nutrients, behaviors and anthropometric measurements), and the right the
diseases taken into account in the model. In the middle are listed the mechanistic or statistical models implemented in EpiDiet to formulate the hypotheses on
the mediator factors.
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Meat, except
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Cheeses Poultry 150%
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50%
Yogurts and Processed 5
cottage cheese meat 0%
Milk Fish
Eggs and egg
products
General population —+— MPFp - 3rd tertile
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C Sweet
beverages
200%
Sugar and i Fruits juices and "
sugars products nectars 150%
100%
Confectionery \ Alcoholic 50%
and chocolate *  beverages
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Breakfast l\

Hot beverages
cereals and bars 9

Pastries Sandwuches..
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—— General population —+— MPFp - 3rd tertile
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Supplementary Figure S3 Relative mean intake of A. Plant-based food groups, B. Animal-based food
groups and C. Miscellaneous food groups in the third tertiles of the proportion of unprocessed/minimally
processed foods in the diet (MPFp-3 tertile, n=591), the proportion of processed foods in the diet (PFp-
31 tertile, n=591) and the proportion of ultra-processed foods in the diet (UPFp-3 tertile, n=591) shown
as a percentage compared to Is-mean intake in the INCA3 population (n=1774), taken as the reference
at 100%. Means are adjusted for the season of recall. * indicates significant difference vs. the general
population. Between-subject variability is not shown for the sake of clarity.



Supplementary Table S3 Contingency table showing the frequency distribution (across tertiles) of the
proportion of energy from unprocessed/minimally processed foods (MPF), processed foods (PF) and
ultra-processed foods (UPF) in the diet of the French adult population?.

Proportion of total energy Proportion of total energy
intake from PF intake from UPF
Tertile 1l Tertile2 Tertile3 | Tertilel Tertile2 Tertile3
(n=591) (n=592) (n=591) | (n=591) (n=592) (n=591)
Tertile 1 n 136 186 269 87 150 354
Proportion | (n=591) | % | 7.67 10.48 15.16 4.9 8.46 19.95
g‘;ga‘ Tertle2 | n| 168 193 231 181 235 176
imak%y (n=592) | % | 947 10.88  13.02 10.2 13.25 9.92
from MPF | Tertile 3 n 287 213 91 323 207 61
(n=591) | % | 16.18 12.01 5.13 18.21 11.67 3.44
Tertile 1 n 103 169 319
Proportion | (n=591) | % | 5.81 9.53 17.98
of total .
ener Tertile 2 n 173 222 197
e | (0=592) |% | 975 1251 111
from UPF | Tertile 3 n 315 201 75
(n=591) | % | 17.76 11.33 4.23

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. MPF, unprocessed/minimally
processed foods; PF, processed foods; UPF, ultra-processed foods.



Supplementary Table S4 Sociodemographic characteristics according to tertiles of the proportion of unprocessed/minimally processed foods (MPF), processed
foods (PF) and ultra-processed foods (UPF) in the diet of the French adult population?.

All Proportion of total energy intake from MPF Proportion of total energy intake from PF Proportion of total energy intake from UPF
population | T1(n=591) T2 (n=592) T3 (n=591) T1(n=591) T2 (n=592) T3 (n=591) T1(n=591) T2(n=592) T3 (n=591)
(n=1774) 1.01- 27.67- 37.69- P 0.00- 19.59- 30.22- P 0.12- 20.68- 34.13- P
27.66% 37.68% 76.91% 19.58% 30.21% 69.47% 20.62% 34.06% 78.92%
Sex, % males 49.9 56.6 48.9 43.0 <0.001 40.1 48.0 62.2 <0.001 48.5 49.5 51.4 0.603
Age group, % <0.001 <0.001 <0.001
18-24y 10.3 13.7 7.8 8.9 19.2 5.4 5.8 4.6 3.6 20.5
25-34y 15.9 23.4 12.5 10.5 20.9 15.1 115 4.1 15.2 25.7
35-49y 30.7 335 30.5 27.5 28.1 38.6 25.6 23.7 33.6 33.7
50-65y 25.8 20.3 30.1 27.9 21.0 23.1 33.6 34.4 32.0 13.8
65-79y 17.4 9.1 19.1 25.3 10.9 17.9 23.6 334 15.6 6.3
Educational level, % 0.417 0.014 <0.001
Primary school 47.0 44.7 47.0 49.7 44.0 44.9 52.1 53.2 47.2 42.0
Middle school 17.7 17.0 18.3 17.8 215 16.9 14.4 15.8 13.2 23.0
Secondary school 17.4 19.3 17.8 14.7 16.8 18.1 17.3 14.7 18.8 18.3
College or university 18.0 18.9 17.0 17.9 17.7 20.0 16.2 16.4 20.9 16.7
Occupational status, % <0.001 <0.001 <0.001
Employee 15.6 16.9 15.7 13.9 22.9 10.5 13.1 10.0 16.5 19.3
Manual worker 13.1 14.8 14.1 9.8 13.6 15.1 10.5 7.0 13.1 17.8
Farmer 0.7 0.6 0.6 0.9 0.1 1.0 0.9 1.0 0.9 0.2
Craftsman, shopkeeper,
business owner 3.3 3.1 34 35 2.4 25 5.2 4.4 4.3 1.7
Intermediate profession 19.6 22.7 19.3 16.2 16.9 25.3 16.8 12.9 19.8 24.7
Professional, executive 13.2 14.9 13.5 10.8 10.8 14.2 14.7 12.8 14.8 12.1
Retired 23.1 13.8 25.7 31.6 14.9 22.5 324 44.3 20.5 8.8
Inactive 11.4 13.1 7.7 13.3 18.5 9.1 6.4 7.6 10.2 15.5
Region of France, % 0.001 0.005 0.238
lle-de-France (Paris area) 17.4 16.0 16.3 20.4 18.4 15.7 18.1 17.9 19.1 15.6
North-West 19.8 22.3 22.3 14.3 17.3 21.9 20.4 17.8 19.9 21.4
North-East 27.2 26.8 29.9 24.7 28.5 30.5 22.5 24.8 28.5 27.9
South-East 17.9 19.0 15.2 19.4 19.2 13.6 20.8 19.8 17.2 17.0
South-West 17.7 16.0 16.3 21.3 16.6 18.3 18.3 19.7 15.3 18.2
City size, % <0.001 <0.001 <0.001
Rural 26.1 20.3 311 27.7 22.4 25.8 30.3 314 28.4 20.0
2 000-19 999 hab. 17.6 19.8 18.5 14.0 15.5 16.0 21.4 19.0 17.8 16.3
20 000-99 999 hab. 11.0 9.7 14.0 9.2 12.4 9.5 10.9 11.1 9.3 12.2
2100 000 hab. 324 37.1 27.0 32.6 335 36.9 26.8 25.9 31.7 38.1
Paris agglomeration 13.0 13.1 9.5 16.5 16.3 11.8 10.7 12.6 12.8 134

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. Values are percentages weighted for the survey design.
"P values are from x? test. NS. “Refusals to answer” were included in the statistical test (for Matrimonial status and Perception of financial status)
MPF, unprocessed/minimally processed foods; NS, nonsignificant; PF, processed foods; T, tertile; UPF, ultra-processed foods; y, years old




Supplementary Table S4 (continued)

Proportion of total energy intake from MPF

Proportion of total energy intake from PF

Proportion of total energy intake from UPF

popﬁleltti on T1 (n=591) T2 (n=592) T3 (n=591) T1(n=591) T2 (n=592) T3 (n=591) T1(n=591) T2 (n=592) T3 (n=591)
(n=1774) 1.01- 27.67- 37.69- P 0.00- 19.59- 30.22- P 0.12- 20.68- 34.13- P
27.66% 37.68% 76.91% 19.58% 30.21% 69.47% 20.62% 34.06% 78.92%
Season of record, % <0.001 <0.001 0.417
Winter 24.5 20.8 219 31.8 325 22.0 18.7 25.2 24.3 24.1
Spring 25.0 28.4 235 22.7 21.7 26.0 27.7 25.6 25.7 24.0
Summer 25.6 304 25.5 19.9 22.7 27.3 26.9 235 23.8 28.7
Autumn 24.9 20.5 29.2 25.6 23.2 24.8 26.8 25.7 26.2 23.1
Matrimonial status, % <0.001 <0.001 <0.001
Single 20.3 22.4 19.3 19.0 29.3 14.7 16.6 12.8 15.3 30.6
Married 48.9 42.4 49.4 56.2 385 52.2 56.6 63.5 56.3 31.2
Unmarried couple 19.3 24.9 20.8 11.0 20.2 20.0 17.7 11.5 17.8 26.7
Widowed 35 2.6 3.3 4.7 3.6 3.1 3.7 45 3.3 2.8
Separated/divorced 8.0 7.7 7.3 8.9 8.4 10.2 5.3 7.7 7.3 8.8
Refusal to answer 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.0
Perception of financial status, % 0.002 0.183 0.027
Financially comfortable 14.7 14.5 15.2 14.4 14.5 15.0 14.7 15.0 16.0 13.4
It's okay 36.2 33.0 38.5 37.7 35.2 34.4 39.1 39.8 37.2 32.6
It's tight 10.8 9.3 10.3 13.2 10.7 12.0 9.8 12.0 9.7 10.8
Manageable if careful 29.5 31.3 311 25.5 29.4 30.3 28.7 27.3 28.7 31.8
Hard to make ends meet 7.9 10.5 4.4 8.4 8.5 7.9 7.3 5.2 7.9 10.0
Can’t manage without debts 0.9 1.4 0.5 0.8 1.9 0.3 0.4 0.6 0.5 1.4
Refusal to answer 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0
Food insufficiency, % 0.005 0.106 <0.001
Food sufficiency 83.2 79.0 85.5 85.9 80.7 83.8 85.2 87.1 84.7 78.9
Qualitative food insufficiency 14.2 18.2 11.6 12.0 17.1 13.5 11.7 11.6 10.8 19.0
Quantitative food insufficiency 2.6 2.8 2.9 2.1 2.3 2.6 3.0 1.4 4.5 2.0
Food insecurity, % <0.001 0.032 <0.001
Food security 92.1 87.1 96.7 93.2 90.3 91.5 94.5 95.3 94.1 87.9
Moderate food insecurity 49 8.4 1.6 4.0 5.4 6.0 3.1 25 3.8 7.6
Severe food insecurity 3.1 4.4 1.7 2.8 4.3 2.5 2.4 2.2 2.1 4.6
Body Mass Index (BMI), %
Underweight (BMI<18.5) 35 4.0 4.7 1.7 0.005 5.1 3.3 2.2 0.005 2.4 3.4 4.5 0.013
Normal weight (18.5<BMI<25) 48.6 50.4 50.9 44.0 52.8 a4.7 48.0 44.3 49.1 51.6
Overweight (25BMI<30) 34.8 33.9 32.2 38.6 315 371 36.0 36.9 34.4 334
Obesity (BMI=30) 13.1 11.7 12.3 15.7 10.6 15.0 13.8 16.5 13.1 10.5
BMI, kg/m? (mean + SD) 25.3+44 25.1+45 251+44 25.8+44 24.6+4.7 25.8+44 255+4.1 25.8+4.7 25.3+4.2 24.8+4.8




Supplementary Table S5 Total, plant and animal protein intakes and distribution of food families to animal or plant protein intake according to tertiles of the
proportion of unprocessed/minimally processed foods (MPF), processed foods (PF) and ultra-processed foods (UPF) in the diet of the French adult populationa.

All Proportion of total energy intake from MPF Proportion of total energy intake from PF Proportion of total energy intake from UPF
population T1 (n=591) T2 (n=592) T3 (n=591) T1 (n=591) T2 (n=592) T3 (n=591) T1 (n=591) T2 (n=592) T3 (n=591)
(n=1774) 1.01-27.66% 27.67-37.68% 37.69-76.91% 0.00-19.58% 19.59-30.21% 30.22-69.47% 0.12-20.62% 20.68-34.06% 34.13-78.92%
Mean SEM Mean® SEM Mean SEM Mean SEM | Mean SEM Mean SEM Mean SEM | Mean SEM Mean SEM Mean SEM
Total protein, g/d 81.7 0.4 76.8 0.7 81.8* 0.7 874 07 78.7 0.7 822 0.7 842 07 83.3 0.8 82.7 0.7 79.4* 0.7
Animal protein, g/d 55.7 0.5 51.1 07 558* 08 610 08 | 550 08 57.0 08 552 08 | 549 08 569 08 553 0.7
BI-APF 0.73  0.00 073 000 073 000 071* 000 | 072 000 073 000 072 000 | 071 000 0.73* 0.0 0.73* 0.00
Protein from animal-based families, % of animal protein
Red meat 24.2 0.5 21.3 0.7 253* 0.8 265 08 24.8 0.8 24.3 0.8 23.4 0.8 24.2 0.8 25.1 0.8 23.3 0.7
Poultry 13.1 0.4 10.8 0.6 12.4 0.7 16.6** 0.7 14.3 0.6 12.3* 0.7 12.7 0.7 14.6 0.7 13.1 0.7 11.9* 0.6
Processed meat 12.2 0.3 16.9 0.4 11.5* 05 7.4%* 0.5 10.9 0.5 12.6* 05 13.2* 05 9.8 0.5 10.9 05 152 0.4
Fish 10.9 0.3 7.8 05 12.2* 0.6 13.3* 0.6 10.7 0.6 10.8 0.6 11.3 0.6 12.2 0.6 12.3 0.6 8.7+* 0.5
Eggs 6.1 0.2 6.3 0.2 6.0 0.3 6.0 0.3 7.1 0.3 6.0* 0.3 5.1** 0.3 6.2 0.3 6.0 0.3 6.1 0.2
Milk 8.8 0.2 9.6 0.4 7.9* 0.4 8.6 0.4 11.2 0.4 8.8** 0.4 6.2** 0.4 6.6 0.4 7.7% 0.4 11.3** 0.4
Cheese 16.3 0.3 19.9 05 16.4* 05 11.8* 05 12.0 05 16.6* 0.5 204* 05 17.4 0.5 15.6* 0.5 15.8* 0.5
Yogurt 6.0 0.2 5.3 0.3 5.8 0.3 7.2%* 0.3 7.0 0.3 6.1* 0.3 5.0** 0.3 6.1 0.3 6.7 0.3 54 0.3
Offal 1.1 0.1 1.0 0.2 1.2 0.2 1.2 0.2 0.7 0.2 1.3* 0.2 1.4* 0.2 1.4 0.2 1.1 0.2 0.9* 0.2
Game 0.2 0.1 0.1 0.1 0.2 0.1 0.5** 0.1 0.1 0.1 0.1 0.1 0.5* 0.1 0.6 0.1 0.2%* 0.1 0.0** 0.1
Other dairy products 1.1 0.0 1.1 0.1 1.2 0.1 0.9* 0.1 1.2 0.1 11 0.1 0.9* 0.1 0.9 0.1 1.1* 0.1 1.1* 0.1
Plant protein, g/d 26.0 0.1 25.7 0.2 25.9 0.2 26.4* 0.3 23.7 0.2 25.3** 0.2 29.0** 0.2 28.4 0.2 25.8** 0.2 24.1** 0.2
Plant protein, % of total protein 33.2 0.2 35.0 04 33.0 04 312 04 | 317 04 32.2 04 357 04 | 353 04 324 04 322 04
BI-PBF 0.59 0.00 0.55 0.01 0.60* 0.01 0.64* 001 | 064 001 061* 0.01 053* 001 | 058 001 061* 0.01 059 001
Protein from plant-based families, % of plant protein
Refined grains 55.0 0.4 60.7 0.7 55.7** 0.7 47.3** 0.7 48.8 0.7 54, 1% 0.7 62.2%* 0.7 54.8 0.8 53.6 0.8 56.1 0.7
Whole grains 5.3 0.2 4.1 0.4 5.6* 0.4 6.4** 0.4 5.7 0.4 5.9 0.4 4.3* 0.4 5.7 0.4 5.9 0.4 4.5* 0.4
Nuts and seeds 3.1 0.1 2.5 0.2 3.2% 0.2 3.8%* 0.3 35 0.2 3.2 0.2 2.6* 0.2 3.1 0.3 3.4 0.2 2.9 0.2
Legumes 2.8 0.2 2.4 0.3 2.9 0.3 3.1 0.3 3.3 0.3 2.7 0.3 2.3* 0.3 25 0.3 3.0 0.3 2.9 0.3
Vegetables 12.6 0.2 9.4 0.3 12.4* 03 16.6* 0.3 13.6 0.3 12.6* 0.4 11.4* 04 14.9 04 126 0.3 10.8* 03
Potatoes 7.1 0.2 6.1 0.3 6.7 0.3 8.7%* 0.3 7.8 0.3 7.4 0.3 6.0%* 0.3 7.5 0.3 7.4 0.3 6.5* 0.3
Fruits 5.9 0.1 4.6 0.2 5.8** 0.2 7.4%* 0.2 6.9 0.2 5.7** 0.2 5.0** 0.2 6.3 0.2 6.1 0.2 5.3* 0.2
Other plant foods 8.3 0.2 10.3 0.3 7.7%* 0.3 6.7** 0.3 10.3 0.3 8.3* 0.3 6.2** 0.3 51 0.3 8.0* 0.3 11.1%* 0.2

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. Data were collected by three 24h recalls.

b Means adjusted for season of recall and weighted for the survey design. Significantly different from the mean of the first tertile: *, P<0.05; **, P<0.001; P 2 0.05, NS. P for ANOVA tests adjusted for season of
recall.

BI-ABF: Berry-Index Animal-based families; BI-PBF: Berry-Index Plant-based families; MPF, unprocessed/minimally processed foods; NS, nonsignificant; PF, processed foods; SEM: standard error of the mean; T,
tertile; UPF, ultra-processed foods.

10



Supplementary Table S6 PANDiet score and subscores and plant-based diet indices according to tertiles of the proportion of unprocessed/minimally processed
foods (MPF), processed foods (PF) and ultra-processed foods (UPF) in the diet of the French adult population?.

All population Proportion of total energy intake from MPF Proportion of total energy intake from PF Proportion of total energy intake from UPF
(n=1774) T1 (n=591) T2 (n=592) T3 (n=591) T1 (n=591) T2 (n=592) T3 (n=591) T1 (n=591) T2 (n=592) T3 (n=591)
1.01-27.66%  27.67-37.68%  37.69-76.91% | 0.00-19.58% 19.59-30.21%  30.22-69.47% 0.12-20.62% 20.68-34.06%  34.13-78.92%
Mean SEM Mean® SEM Mean SEM Mean SEM | Mean? SEM Mean SEM Mean SEM | Mean® SEM Mean SEM Mean SEM
PANDiet score (0-100) 64.3 0.14 62.6 0.22 645" 0.24 66.2* 024 | 635 024 64.2* 024 653" 024 | 653 025 650 024 62.9%* 022
AS (0-100) 63.6 0.31 62.2 051 647+ 054 642 056 | 616 053 64.0+ 054 654* 054 | 647 057 641 054 62.3* 050
Probabilities of adequacy for AS components (0-1)
Protein 0.89 0.00 0.89 001 091 001 087 001 | 0.86 0.01 0.89* 0.01 092* 0.01 0.87 001 0.90* 001 0.90* 0.01
LA 0.43 0.01 0.46 0.01 041* 0.01 042 001 | 049 0.01 046 001 034* 001 0.34 001 045 001 048> 0.01
ALA 0.11 0.00 0.11 001 011 001 011 001 | 0.13 0.01 0.10* 0.01 0.09* 0.01 010 001 012 001 010 0.01
DHA 0.22 0.01 0.15 0.01 025* 0.01 028* 001 | 022 001 023 001 023 001 025 001 023 001 0.19* 0.01
EPA+DHA 0.20 0.01 0.14  0.01 022* 001 025 001 | 0.19 001 020 001 020 001 022 001 021 001 0.17%+ 0.01
Fiber 0.39 0.01 0.37 001 040 001 041 001 | 035 0.01 0.38* 0.01 045* 001 046 001 038+ 001 0.34* 0.01
Vitamin A 0.52 0.01 0.49 0.01 056* 001 051 001 | 046 0.01 053* 0.01 056** 0.01 060 001 051 001 047 0.01
Thiamin 0.96 0.00 0.96 0.00 096 0.00 097* 0.00 | 0.96 0.00 0.97* 000 097 000 | 096 000 097 000 096 0.00
Riboflavin 0.76 0.01 0.75 001 078 001 075 001 | 071 0.01 077* 0.01 0.80* 0.1 077 001 077 001 075 0.01
Niacin 1.00 0.00 1.00 000 100+ 000 1.00* 0.00 | 0.99 0.00 1.00* 0.00 1.00*  0.00 1.00 000 100+ 0.00 1.00 0.00
Pantothenic acid 0.87 0.00 0.85 0.01 0.89* 0.01 088 001 | 084 0.01 088* 001 089 001 087 001 088 001 086 0.01
Vitamin B-6 0.69 0.01 0.64 001 071 001 074~ 001 | 0.65 0.01 0.69* 0.01 0.73* 0.01 073 001 071 001 0.64* 0.01
Folate 0.66 0.01 0.61 0.01 0.70* 0.01 0.69* 0.01 | 0.63 0.01 0.66 001 0.70* 0.01 072 001 068 001 0.61* 0.01
Vitamin B-12 0.65 0.01 0.62 0.01 066* 0.01 067 001 | 061 0.01 065 0.01 0.69* 0.01 066 001 066 001 063 0.01
Vitamin C 0.43 0.01 0.34 0.01 044 002 052* 002 | 043 0.02 045 002 039 002 049 002 043* 002 0.37* 0.01
Vitamin D 0.03 0.00 0.03 0.00 0.04 000 004 000 | 0.03 000 003 000 003 000 | 004 000 003 000 003 000
Vitamin E 0.80 0.00 0.81 001 080 001 079 001 | 080 001 081 001 079 001 078 001 081* 001 081* 0.01
lodine 0.72 0.01 0.71 001 072 001 074 001 | 069 0.01 0.73* 0.01 0.75* 0.01 075 001 072 001 070* 0.01
Magnesium 0.48 0.01 0.48 001 050 001 048 001 | 047 0.01 045 001 053* 001 048 001 049 001 048 0.01
Phosphorus 0.97 0.00 0.96 0.00 0.98* 0.00 0.97* 0.0 | 0.96 0.00 098* 0.00 098* 000 | 097 000 098 0.00 096** 0.00
Potassium 0.66 0.01 064 001 068 001 067 001 | 061 0.01 066* 0.01 0.71* 0.01 070 001 067 001 0.62* 0.01
Selenium 0.95 0.00 0.93 0.00 095 0.00 095 000 | 094 000 095 000 095 000 | 094 000 095 000 094 0.0
Absorbed zinc 0.29 0.01 0.29 001 030 001 027 001 | 030 001 028 001 029 001 026 001 027 001 0.33* 0.01
Copper 0.91 0.00 0.91 001 092 001 089 001 | 0.88 0.01 091* 0.01 093* 0.01 091 001 091 001 090 0.01
Manganese 0.90 0.00 090 001 092 001 0.89 001 | 0.87 0.01 091* 0.01 093* 001 091 001 091 001 089 0.01
Calcium 0.64 0.01 0.67 0.01 064 001 060+ 001 | 059 0.01 066** 0.01 066** 0.01 063 001 064 001 064 0.01
Absorbed iron 0.61 0.01 0.61 001 063 001 059 001 | 056 0.01 061* 0.01 068 0.01 063 001 061 001 0.60% 0.01
MS (0-100) 65.0 0.23 63.0 037 643* 040 681 041 | 654 039 645 040 652 040 | 660 042 659 040 635 0.37
Probabilities of adequacy for MS components (0-1)
Protein 0.94 0.00 0.93 001 094 001 094 001 | 093 001 095 001 092 001 093 001 095 001 093 0.1
Carbohydrates 0.94 0.00 0.93 0.00 094 001 095+ 001 | 094 000 097* 001 092* 001 092 001 095 001 0.95* 0.00
Total fat 0.92 0.00 0.92 001 091 001 092 001 | 091 0.01 090 0.01 094 001 093 001 091* 001 092 0.1
SFA 0.30 0.01 0.27 0.01 027 001 035* 001 | 032 0.01 024+ 001 033 001 035 001 028+ 001 0.26** 0.01
Sugars (without lactose) 0.65 0.01 0.61 0.01 065 001 071* 001 | 0.59 0.01 066** 0.01 0.71* 0.01 069 001 069 001 059 0.01
Sodium 0.18 0.00 0.15 0.01 016 0.01 024* 001 | 0.26 0.01 0.16* 0.01 0.12* 0.01 017 001 019 001 019 0.01
PDI (18-90) 52.1 0.14 51.3 024 519 0.25 535* 026 | 521 025 519 025 524 025 535 026 521 025 5.1 0.23
hPDI (18-90) 52.4 0.16 51.4  0.26 52.4* 027 53.4* 028 | 512 0.27 52.3* 027 536 027 544 028 53.0 027 50.1* 0.25
uPDI (18-90) 55.6 0.18 58.4 0.29 55.1** 0.30 53.0% 0.32 | 56.3 031 55.3* 0.32 552 0.32 53.7 032 541 031 584** 0.8

2Data from the Individual and National Study on Food Consumption Survey 3, n=1774. Data were collected by three 24h-recalls.

bMeans adjusted for season of recall and weighted for the survey design. Significantly different from the mean of the first tertile: *, P<0.05; **, P<0.001; P = 0.05, NS. P for ANOVA tests adjusted for season of recall.

ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; hPDI, healthy Plant-based Diet Index; LA, linoleic acid; MPF, unprocessed/minimally processed foods; NS, non-significant; PANDiet, Probability
of Adequate Nutrient Intake; PF, processed foods; SEM: standard error of the mean; SFA, saturated fatty acids; T, tertile; uPDI, unhealthy Plant-based diet Index, UPF, ultra-processed foods.
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Supplementary Table S7 Predicted number of deaths avoided from cerebrovascular diseases, ischemic heart diseases and diabetes by each nutritional factor
weighted in the comparative risk assessment using the EPIDiet model, in the context of a shift of the population’s diet from the first tertile to the third tertile of
the proportion of unprocessed/minimally processed foods (MPF), processed foods (PF) and ultra-processed foods (UPF) in the diet in the French adult

population?,
Proportion of total energy intake from MPF - T3vs T1 Proportion of total energy intake from PF - T3 vs T1 Proportion of total energy intake from UPF - T3 vs T1
Cerebrovascular Ischemic heart Diabetes Cerebrovascular Ischemic heart Diabetes Cerebrovascular Ischemic heart Diabetes
diseases diseases diseases diseases diseases diseases
Death avoided or added by nutritional factors® (number)
Whole grains 204 125 109 -177 -119 -104 -44 -16 -19
PUFA 38 474 NA -3 -642 NA -30 18 NA
Nuts & Seeds NA 642 249 NA -662 -245 NA -19 -30
SFA -36 -39 NA -3 101 NA 31 -75 NA
MUFA -18 -213 NA -7 25 NA 25 133 NA
Dietary cholesterol -3 -29 NA 2 -44 NA 8 64 NA
Seafood omega-3 fats NA 800 NA NA -16 NA NA -703 NA
Vegetables 1017 419 NA -226 -89 NA -1049 -405 NA
Fibers 318 515 NA -116 -118 NA -192 -383 NA
Processed meats NA 1157 364 NA -14 -13 NA -2164 -852
Total fat -37 -113 NA -6 142 NA 40 -87 NA
Fruits 814 504 NA -421 -231 NA -361 -182 NA
Sodium 245 260 NA -389 -396 NA 179 177 NA
Alcohol -27 -375 -93 -172 255 91 -285 94 -16
Red meats unprocessed NA NA -124 NA NA 7 NA NA 51
SSB -31 212 NA -43 201 -22 -34 -527 -153
Death avoided or added because of energy intake and BMI° (number)
Total energy 213 401 223 -193 -348 -209 63 90 57
BMI 180 375 167 -235 -391 -286 29 36 13
Total death avoided® (number) 2419 (2216, 2621) 4023 (3744, 4303) 665 (572, 759) -1911 (-2109, -1713) -1419 (-2097, -741) -560 (-931, -188) -1880 (-2165, -1595)  -5447 (-9439, -1457)  -1066 (-2248, 117)
Percentage deaths avoided® (%) 24.9 (22.8, 27.0) 30.9 (28.8, 33.0) 18.5 (15.9, 21.1) -19.7 (-21.7, -17.6) -10.9 (-16.1, -5.7) -15.6 (-25.9, -5.2) -19.4 (-22.3, -16.4) -41.8 (-72.5, -11.2) -29.6 (-62.5, 3.2)

2Dietary data from the Individual and National Study on Food Consumption Survey in France (INCA3). Data were collected by three 24h-recalls.
bBased on the numbers of disease-specific deaths observed in France in 2014. Negative values correspond to increasing deaths and positive values to decreasing deaths.

MPF, unprocessed/minimally processed foods; MUFA; Monounsaturated fatty acids; NA: Not applicable within the scope of this study; PF, processed foods; PUFA: Polyunsaturated fatty acids; SFA, Saturated fatty acids; SSB, sugar-sweetened

beverage; T1: 1% tertile; T3: 3" tertile; UPF, ultra-processed foods.

12



References

1.

10.

11.

Food and Agriculture Organization of the United Nations (2013) Dietary protein quality evaluation
in human nutrition: report of an FAO expert consultation, 31 March-2 April, 2011, Auckland, New
Zealand. Food and Agriculture Organization of the United Nations, Rome

Anses (2016) Actualisation des repéres du PNNS : élaboration des références nutritionnelles.
French Agency for Food, Environmental and Occupational Health Safety (Anses)., Maisons-
Alfort, France

Anses (2011) Actualisation des apports nutritionnels conseillés pour les acides gras. French
Agency for Food, Environmental and Occupational Health Safety (Anses)., Maisons-Alfort,
France

EFSA (European Food Safety Agency) (2017) Dietary Reference Values for nutrients: Summary
report. 92. https://doi.org/10.2903/sp.efsa.2017.e15121

EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens) (2016) Scientific
opinion on Dietary Reference Values for vitamin B6. EFSA Journal

de Gavelle E, Huneau J-F, Mariotti F (2018) Patterns of Protein Food Intake Are Associated with
Nutrient Adequacy in the General French Adult Population. Nutrients 10:226.
https://doi.org/10.3390/nu10020226

Verger EO, Mariotti F, Holmes BA, et al (2012) Evaluation of a Diet Quality Index Based on the
Probability of Adequate Nutrient Intake (PANDiet) Using National French and US Dietary
Surveys. PLoS ONE 7:e42155. https://doi.org/10.1371/journal.pone.0042155

de Gavelle E, Huneau J-F, Fouillet H, Mariotti F (2019) The Initial Dietary Pattern Should Be
Considered when Changing Protein Food Portion Sizes to Increase Nutrient Adequacy in French
Adults. The Journal of Nutrition 149:488—496. https://doi.org/10.1093/jn/nxy275

Anses (2019) Anses Opinion on the updating of the PNNS dietary guidelines for women from
menopause and men over 65 years of age. French Agency for Food, Environmental and
Occupational Health Safety (Anses)., Maisons-Alfort, France

Satija A, Bhupathiraju SN, Rimm EB, et al (2016) Plant-Based Dietary Patterns and Incidence of
Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort Studies. PLoS
Med 13:€1002039. https://doi.org/10.1371/journal.pmed.1002039

Satija A, Bhupathiraju SN, Spiegelman D, et al (2017) Healthful and Unhealthful Plant-Based

Diets and the Risk of Coronary Heart Disease in U.S. Adults. Journal of the American College of
Cardiology 70:411-422. https://doi.org/10.1016/j.jacc.2017.05.047

13



	cover postprint
	Salome EurJNutr 2021 (nova protein)
	Fig1_review (1)
	Diapositive numéro 1

	Fig2_review (1)
	Diapositive numéro 1

	Fig3_review (1)
	Diapositive numéro 1

	Supplementary material_EurJNutr_review

