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Abstract: The ultra-processed food (UPF) concept first emerged 15 years ago,
and is now studied worldwide in different contexts, for example, human health,
food behavior, socio-economic, food consumption, food scoring, and food sys-
tem sustainability. Briefly, UPFs are defined as containing at least one marker of
ultra-processing (MUP). MUPs are (1) cosmetic additives, (2) aromas, (3) some
highly processed carbohydrates, proteins, fats, and/or fiber, and (4) drastic pro-
cesses directly applied to food such as extrusion cooking or puffing. The first
three categories of MUPs are on the food packaging in the list of ingredients,
and are extracted, then purified, from raw foods or coming from artificial syn-
theses, leading to a-matrix/a-cellular compounds. Therefore, the core paradigm
to define MUP is extreme food matrix degradation, and for UPF,matrix artificial-
ization. Besides, UPFs are more than just junk food, encompassing numerous
industrialized foods, falsely presented as healthy, for example, animal-based food
analogs, but also organic, vegan, gluten-free, micronutrient-enriched, and/or
light foods. In this way, UPFs are “high-quality junk foods.” Otherwise, UPF
being a holistic and indivisible concept by essence, we propose in this review
to analyze ultra-processing at four holistic levels corresponding to four impor-
tant scientific issues: the food matrix, the dietary pattern, food system, and food
scoring. We reached the main conclusion that UPFs should be first studied with
a holistic and scientifically based approach, not a reductionist one. Otherwise,
we take the risk of performing greenwashing and create still more new health
threats at a global level.
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1 INTRODUCTION

Since the concept of ultra-processed food (UPF) was first
coined in 2009 (Monteiro, 2009), it has been an increas-
ingly evolving research topic in several scientific disci-
plines such as human health (Lv et al., 2024), diet quality
(Martini et al., 2021), food consumption (Barbaresko et al.,

2024), food behaviors (Gombi-Vaca et al., 2024), food addic-
tion (Filgueiras et al., 2018), food science (Fardet, 2016;
Forde et al., 2020) and technology (Capozzi et al., 2021),
food system sustainability (García et al., 2023; Anastasiou
et al., 2023), and also political and socio-economic consid-
erations (Moodie et al., 2021; Wood et al., 2023). Between
2012 and today, up to 205 epidemiological studies have
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2 ULTRA-PROCESSED FOOD AS A HOLISTIC ISSUE

been published, among them 80 are prospective longitu-
dinal cohort studies. In such a short time, we also count 56
narrative and systematic reviews and meta-analyses.
The UPF concept is derived from the Brazilian NOVA

classification (not an acronym, i.e., “new” in Portuguese),
first published in 2014 with four technological groups
(Moubarac et al., 2014), with the most recent final ver-
sion published in 2017 (Monteiro et al., 2018). It distin-
guished four groups of foods/ingredients depending on
the degree of technological processing, that is, unpro-
cessed/minimally processed foods, processed culinary
ingredients, processed foods, and UPFs. Processed foods
results from the adding of processed culinary ingredients
to unprocessed/minimally processed foods to improved
food preservation at small scale and their organoleptic
properties.
The NOVA classification has revolutionized the way

researchers (and other stakeholders) were used to appre-
hend food impact on human health. Indeed, we are
moving from a reductionist nutri-centered to a more holis-
tic approach of food health potential. A healthy food is
no more a nutritionally balanced one, but the less pro-
cessed one—to be both tasty, safe, and edible (Fardet &
Rock, 2022). It is also an empirical inductive (a scientific
working approach that starts from factual data to explain
the underlying phenomenon, giving a holistic meaning
to these genuine collected data), qualitative, and holistic
classification (Fardet et al., 2023), elaborated from simple
observations in Brazilian household kitchens. Say it differ-
ently, it follows a bottom-up approach, not a reductionist
and quantitative top-down approach initially based on
food nutrients (Fardet et al., 2023). This point is important
to underline, because nutrition science, notably inWestern
countries, was traditionally based on the nutri-centered
reductionist paradigm, that is, exploring and explaining
the diet–human health relationship in terms of only (iso-
lated) nutrients (Fardet & Rock, 2014; Scrinis, 2013). This
has first led to nutri-centered nutritional recommenda-
tions to large public (Scrinis, 2013), even if today they have
shifted away from being completely nutrient centered, and
more based on food groups, for example, USDAMyPlate or
the last French Programme National Nutrition Santé n◦4
(PNNS4); however, the degree of food processing is still not
mentioned among traditional food groups. Yet, we do not
eat “nutrients” but actually complex food matrices, which
are subsequently unstructured anddegraded into nutrients
in the digestive system. Besides, consumers first see foods
in their kitchen, not nutrients. Therefore, it is reasonable
to consider that NOVA is anchored in reality and close to
consumer’s habits.
Now, food and nutrition sciences are foremost holistic

disciplines by essence, that is,multidimensional, as life sci-
ences are in general. This does not obviously mean that

reductionist studies are useless, but they should come sub-
sequent to that first holistic approach (Fardet & Rock,
2018). Yet, this new perspective is regularly contested,
notably by the proponents of the nutri-centered approach.
This is rather understandable, because science is, by defi-
nition, open to debate, especially when a new paradigm is
emerging. However, the debate should be fair, and devoid
of conflict of interest (Mialon et al., 2018). Therefore, the
objective of this short position paper is to analyze the
UPF concept from a holistic perspective at different lev-
els, which are food matrix, dietary patterns, food systems,
and food scoring (Figure 1). In other words, this paper
intends to unify all these topics under the same banner of
the holistic perspective/paradigm to show the coherence of
the whole. First, UPF will be simply defined, with a focus
on UPFs falsely presented as “healthy.”

2 UPF IS MUCHMORE THAN JUNK
FOOD: PROCESSING VERSUS NUTRIENTS

2.1 A question of definition

Based on Brazilian research works, an UPF may be sim-
ply and briefly defined as containing at least one marker
of ultra-processing (MUP) (Davidou et al., 2020) or cos-
metic agents (Monteiro et al., 2019) of strictly industrial
use tomodify organoleptic properties such as color, aroma,
taste, and texture. Therefore, the intent of ultra-processing
is cosmetic, since other added agents that prolong product
duration, protect original properties, and prevent prolifer-
ation of microorganisms (e.g., preservative, antioxidants,
and anti-microbial compounds) are not considered MUPs
(Monteiro et al., 2019). Based on NOVA classification
definition, four types of MUPs can be distinguished:

- Cosmetic additives: coloring and texturizing additives,
and taste modifiers;

- Aromas: natural, synthetic, and extracts;
- Ultra-processed nutrients not classified as additives and
aromas, for example, invert sugar,maltodextrins, glucose
syrup, hydrogenated oils, protein hydrolysates, some
fiber isolates, and so on;

- Drastic and recent food processes such as puffing and
extrusion cooking, mainly applied to starchy foods, but
also molding and pre-frying.

The three first MUPs may be identified in the list of
ingredients on the food packaging, and hence, consumers
may be informed. Yet, the application of the drastic pro-
cessingmaynot be declared. They all have in common to be
related to a deteriorated food matrix effect (Fardet & Rock,
2022). Indeed, the three first MUP are a-matrix/a-cellular

 17503841, 0, D
ow

nloaded from
 https://ift.onlinelibrary.w

iley.com
/doi/10.1111/1750-3841.17139 by C

ochrane France, W
iley O

nline L
ibrary on [03/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ULTRA-PROCESSED FOOD AS A HOLISTIC ISSUE 3

F IGURE 1 Holistic research and perspective at different observational levels as regards to ultra-processed foods.

and purified isolated compounds, which are obtained
through extreme food cracking or syntheses, sometimes
modified thereafter by chemical or enzymatic treatments.
Concerning drastic processes, they highly modify the food
matrix. This is why the food matrix effect should be the
core concept of UPF, not nutrients first (see below) (Fardet
& Rock, 2022).
More specifically, concerning cosmetic additives and

aromas, maybe not all are harmful to human health.
Indeed, researches are still in progress. However, with
a holistic perspective, this is not only a health issue.
For example, a coloring agent or an aroma may be not
unhealthy in the long term in humans, but, as a cosmetic
agent, it may prompt the consumer to eat the productmore
than needed due to the exacerbated and artificialized sen-
sorial properties, creating potential addiction to this food
in the long term (Gearhardt et al., 2023). With a more
global and ethical consideration, what do we want for the
future? “Real” or disguised foods?
Then, we can distinguish two main types of UPFs: (1)

“real” ingredients added with one or more MUPs to mod-
ify organoleptic properties, for example, correcting acidity,
enhancing a color, reinforcing a texture, enhancing a fla-
vor (via, e.g., replacing a real fruit with aroma); and (2)
new foods (“fake” foods), resulting of the recombination
of manyMUPs into new foodmatrices, for example, sodas,
meat analogs, plant-based milks, chocolate bars, snacks,
and confectionaries. In this latter case, “real” non-ultra-
processed ingredients are in a largelymuch lower quantity,

and MUP maybe the first or the second ingredient on the
list.
UPFs encompass a wide range of foods, and is largely

much more than junk foods (Monteiro et al., 2019).
Junk food was never really specifically and scientifically
defined: for consumers, this generally comprises salty,
fatty, and/or sweet snacks; industrial confectionaries; fast
foods; etc.; but the definition remains unclear. UPFs is
more than that, including industrial organic (Davidou
et al., 2022), plant-based (e.g., in vegan diet), gluten-free,
micronutrient-enriched, and light foods, often presented
as healthy for the consumer, and also often scored as
such by compositional food index, for example, the French
Nutri-score and English Traffic Light System (Ebner et al.,
2022) or the Australian Health Star Rating Labelling Sys-
tem (Dickie et al., 2018). Dr. Carlos Monteiro, funder
of NOVA classification, on this line, talked about “high-
quality junk foods” (i.e., an oxymoron) which misguide or
deceive consumers. TheseUPFs are deceptive because they
are presented as healthy to the consumers based on a very
aggressivemarketing (i.e., TV advertising and food packag-
ing), notably toward children, while such “healthy” claims
are not scientifically based. To summarize, a very elabo-
ratemarketing aims towhitewash the image of the product
which remains fundamentally unhealthy. In other words,
the UPF concept unmasks deceptions that the concept of
junk food did not do.
As examples relative to UPF beyond traditional junk

food, many animal food analogs are highly UPFs (Messina
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4 ULTRA-PROCESSED FOOD AS A HOLISTIC ISSUE

et al., 2022), such as plant-basedmeat or cheese. This is log-
ical because the objective here is to imitate “real” foods,
which is, in turn the main objective of ultra-processed
“fake” foods. Already, sodas are progressively replacing
drink water in some parts of the world, infant formula
are replacing breast milk, aroma are doing the same with
“real” fruits, mechanically separated meat are restruc-
tured to imitate “real” meat, breakfast cereals and white
soft bread are replacing whole-grain cereal-based foods,
etc. Such foods are often presented as nutritionally bal-
anced, suggesting for the consumer that the food is healthy.
Indeed, based on the nutri-centered paradigm the balance
in nutrients is commonly thought as the golden stan-
dard. Yet, addressing all nutrient’s needs is insufficient to
stay healthy if these nutrients are supplied through UPF
matrices with numerous MUPs (Fardet & Rock, 2022).
MUPs—and degraded and artificialized food matrices—
are not without concern for human health as more and
more studies are providing new evidence on this line (Lane
et al., 2024). A healthy food is all simply the less processed
one, with each food being by essence nutritionally unbal-
anced, hence the recommendation “to eat varied” at the
scale of dietary pattern (Fardet & Rock, 2022).

2.2 Can we increment NOVA
classification?

Otherwise, NOVAbeing holistic and qualitative in essence,
it does not include all scientific criteria relating foods and
human health (Fardet, 2018). Based on this observation,
we incremented it via the addition of new and previously
scientifically validated qualitative/quantitative and more
reductionist criteria in the Siga score (Davidou et al., 2020).
We took into account, first, food matrix modification in
NOVA 1, which is split into two sub-groups, that is, unpro-
cessed and minimally processed foods. The reason for this
sub-grouping is that a 100% fresh or pasteurized fruit juice
and a whole fruit are not the same for health despite being
both inNOVA1 group, notably becausewemoved from cel-
lular to free sugars. We also took into account the level of
added salt, fat, and/or sugars in NOVA 3 and 4 (splitting
into two sub-groups according to the published Food Stan-
dard Agency/FSA thresholds). Finally, we considered the
number ofMUPs inNOVA4 group, finally leading to seven
food groups according to a decision tree combining NOVA
groups first, and then, applying more reductionist criteria
(Davidou et al., 2020). But, again, the matrix effect is at the
core of the Siga classification, not nutrient composition.
This is even true with “added fats and sugars” because the
addition means a-cellular nutrients without matrix (i.e.,
“free” nutrients). In addition, the fact of being in a purified
“free” state is more problematic than the simple nature of
being fat, sugar, and/or salt as such.

While the first intent of Siga was to render NOVA oper-
ational for the consumers in French supermarkets, the
rational use of NOVA for both consumers and epidemi-
ological studies is also described in two recent papers
(Martinez-Steel et al., 2023; Neri et al., 2023).

2.3 How to interconnect the processing
and nutrient dimensions?

A last point of discussion is the interconnection between
food processing and food composition. Some scientists
pretend that they are different, complementary, and inde-
pendent dimensions (Deschamps et al., 2024; Galán et al.,
2021), which actually is not sensu stricto since food process-
ing is very well known to impact food composition. This
is true whether be it thermal, mechanical, or fermentative
treatments, or even the addition of culinary ingredients for
preservation and taste. Therefore, this is no more ques-
tionable. The real issue is rather: “in which way are both
dimensions interconnected?” (Ebner et al., 2022). Which
one comes first? This is especially important for consumers
to buy an industrial food. Should consumer choose first
foods based on composition table (reductionist data, e.g.,
Nutri-score) or the list of ingredients (more holistic data,
a proxy for NOVA classification) displayed on the packag-
ing? Such an issue is fundamental. Indeed, food matrices
contain nutrients, not the other way around. For example,
a whole almond contains all nutrients, but a reconstituted
almond composition through combining the same isolated
and a-cellular/a-matrix nutrients does not include the food
matrix. Therefore, food matrix comes first, undoubtedly.
Then, processing modifies both food matrix and compo-
sition (Fardet, 2018), even peeling a fruit. This is why we
defend the concept that foods should be first chosen based
on its list of ingredients, then, if needed, on the presence or
not of added salt, fat, and/or sugars, and not the other way
around. Otherwise, consumers may be led to unfortunate
and deceitful decisions. For example, almost 58% of indus-
trialized foods scoring A/B with Nutri-score in France are
UPFs (Ebner et al., 2022). This is intrinsically deceitful as
consumers may regard certain UPFs as nutritionally bal-
anced and hence, healthy, while these foods should not be
encouraged to be consumed for health reasons (Lane et al.,
2024).

3 UPF CONCEPT SHOULD BE FIRST
THOUGHT AND VIEWEDHOLISTICALLY

3.1 UPF and food matrix effect

What is a healthy food? If research community worldwide
is unable to agree on what a healthy food is, it is difficult
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ULTRA-PROCESSED FOOD AS A HOLISTIC ISSUE 5

to supply consumers with unique and reliable nutritional
recommendations. In many countries, since the first offi-
cial national nutritional authorities were created in the
early 1990s, most of them have been providing reductionist
and nutri-centered reports and recommendation (Scrinis,
2013). This originates from the debuts of nutritional sci-
ences in the 1850s, to which the reductionist paradigm
was applied, leading to the discovery of calories, carbohy-
drates, proteins, and so on (Scrinis, 2013). The diet–health
relationship was mainly viewed in terms of nutrients.
However, scientific evidence is sufficient today to reject
the idea of defining a healthy food as a nutritionally bal-
anced one. Indeed, the only nutritionally balanced food is
breast milk. The food health potential first lies in the qual-
ity of the ingredients taking part in such food. Such a vision
leads to a holistic approach of foods, which are consid-
ered in their complexity, not only as a sum of a number of
nutrients. This is a crucial issue because food matrix plays
very important roles on human health, mainly on degree
of chewing, satiety control, digestive transit speed, hor-
monal secretion, nutrient bioaccessibility/bioavailability
and metabolic use, synergy of nutrient action within
humanorganism, andmicrobiota diversity (Fardet&Rock,
2022). We can reasonably go so far as to say that there are
no “bad” and “good” nutrients as such, but rather “high-
quality” or “low-quality/deteriorated/artificialized” food
matrices (Fardet & Rock, 2022). This is the quality of the
foodmatrix thatmakes nutrients healthy or unhealthy, and
hence nutrients are “neutral” in the beginning. For exam-
ple, “slow” and “rapid” carbohydrates in starchy foods are
not first a matter of food composition but of food matrix
degree of processing. Similar observations can be made for
other nutrients such as “slow” and “rapid” proteins (Boirie
et al., 1997), among others (Fardet et al., 2013).
In this way, we defend the position that the UPF con-

cept should be first studied holistically (Figure 1), that is,
this is the whole that matters, not a part of the whole.
Indeed, if UPFs are viewed as simply sum of nutrients
and MUPs, this will only lead to trying to identify which
MUP is of health concern and to reformulate UPFs. In this
case, sugar, fat, and/or salt may be replaced by still more
MUPs as in zero/light sodas, among others. This does not
solve the root problem. All the more that there are proba-
bly thousands of MUP combinations, either between them
or with added salt, sugar, and/or fat, without counting
potential additive cocktail effects—which have not been
studied in relation to their impact on human health in the
long term. This resembles an endless process, to the ben-
efit of UPF sellers. Obviously, studying MUP one by one
or in combination is scientifically sounded, and should be
pursued to accumulate and reinforce evidence; but this
should not be a pretext not to apply the precautionary prin-
ciple based on epidemiological evidence already reached.

Besides, it should be acknowledged that concerning epi-
demiological studies, researchers are aware of inherent
bias in capturing food intake, and that food frequency
questionnaires that have been used to date were not ini-
tially designed to accurately measure intake of UPFs. Such
an issue has been recently addressed by epidemiologists
working on UPFs and human health (Martinez-Steele
et al., 2023). However, such a bias is not new, and already
existed before the appearance of the UPF concept, for
example, approaching the whole-grain definition and con-
sumption in food frequency questionnaires (Ross et al.,
2015).
Therefore, themain issue for agro-food industry is not to

reformulate UPF (Scrinis &Monteiro, 2018) but to develop
less processed industrialized foods with better ingredient
quality, and without MUPs, that is, with more preserved
food matrices (Fardet & Rock, 2022). Obviously, foods
should be first tasty because the act of purchasing is pri-
marily motivated by pleasure, and also the price, but this
is another issue. In the end, UPFs are more or less arti-
ficialized foods with excessive matrix effect degradation,
especially concerningMUPs (Fardet & Rock, 2022). “Real”
foods do not need to be supplementedwith cosmeticMUPs
because they are sufficiently appealing by themselves. This
is why we propose to view UPF as an indivisible and
holistic concept for future research studies.

3.2 Ultra-processed dietary patterns

If the UPF concept is holistic (Fardet & Rock, 2019), it is
also necessary to have a holistic view of dietary patterns,
leading to the concept of ultra-processed dietary patterns
(Scrinis & Monteiro, 2022) (Figure 1); which means that
a relevant research question is: what would be the max-
imum threshold of calories supplied daily by UPFs? In
a first analysis, based on studies relating UPF consump-
tion with weigh gain/obesity, we have suggested not to
exceed 15% daily calories as a precautionary threshold (i.e.,
1–2 UPFs/day) (Fardet & Rock, 2020a). Today, some dose–
response analyses have been published through notably
meta-analyses (Mazloomi et al., 2022; Moradi et al., 2021,
2022; Suksatan et al., 2022; Yuan et al., 2023). As for
alcohol, in all studies, a quite linear curve was reported—
except for cancers (Suksatan et al., 2022), meaning that for
each additional daily serving of UPF or for each 5%–10%
increase in calorie, the risk of chronic disease and early
mortality significantly increases (Mazloomi et al., 2022;
Moradi et al., 2021, 2022; Suksatan et al., 2022; Yuan et al.,
2023). This remains only simulations in the end, but they
suggest that consumers should not exceed 1–2 UPFs/day,
or at least, in a first time, to reduce their consumption
depending on their actual level of daily intake.
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6 ULTRA-PROCESSED FOOD AS A HOLISTIC ISSUE

Another issue related to dietary pattern containing UPF
is that some UPF sub-groups may not be deleterious to
human health while other are. This is, in any case, the
conclusion of the study by Chen et al. (2023) related to
type 2 diabetes risk. The study underlined that some spe-
cific UPF sub-groupswould drive the increased risk.While
this is probably true, a holistic perspective is still needed
to interpret the outcomes from these studies. The percent-
age of UPF calories in the diet matters more than having a
specific UPF, and the reasons are as follows:

1. The effect of the whole is not equal to the effect of its
parts and the Mediterranean diet is a model example.
If this diet is overall protective when considered as a
whole and as an indivisible dietary pattern (as exem-
plified by numerous epidemiological studies) (Galbete
et al., 2018), it is likely thatwhen isolating a specific food
Mediterranean sub-group, the protective effect may be
lost, for example, with animal-based foods composing
this dietary pattern such as cheese (Ralston et al., 2014);

2. Even if a specific UPF sub-group is not associated with
increased risk of chronic diseases or early mortality, the
real issue may be revealed looking at the production
and intake of UPFs from a more holistic and broader
perspective. UPFs may be causing other problems,
not directly related to human health, but more global
(Wood, Robinson et al., 2023; 2023), such as food system
sustainability (Anastasiou et al., 2023; Fardet & Rock,
2020b; García et al., 2023), education to food tastes or
food addiction (Filgueiras et al., 2018; Gearhardt et al.,
2023) or socio-economic inequalities (Coyle et al., 2022;
Fagerberg et al., 2019; Lebredonchel & Fardet, 2023).
For example, fruit-flavored yogurts may not be associ-
ated with increased risks of chronic diseases—there is
no study about this topic—but the issue is elsewhere,
that is, to accustom children to artificial and heightened
flavors, far removed from the subtler tastes of “real”
fruits. In this case, in a long term, it may be difficult for
children to appreciate “real” fruit flavors, and we can
accustom them to artificial tastes.

3.3 UPF and sustainability

The connection between UPF and sustainability leads to
an even more holistic approach (Figure 1). Today, this
connection has been scarcely studied and is currently
under investigation. The first mention of this issue can be
found in the national Brazilian dietary recommendations
published in 2014, as follows:

“. . .These include monocultures, very large
farms that produce one or a few crops as

raw materials for the manufacture of ultra-
processed foods or for the feed used in
the intensive production of animals. These
industrial systems demand more and more
land, intensive technology and mechaniza-
tion, heavy consumption of water and fuel,
and use of chemical fertilizers, genetically
modified seeds, pesticides and antibiotics, and
long-distance transportation. Such systems
also have huge distribution networks that
determine prices in ways that are unfair to
producers and also to consumers.” (Ministry
of Health of Brazil, 2014)

This emphasizes that the UPF issue is global, and not
restricted to a threat to human health. Latter, we published
a narrative and qualitative review that supports this previ-
ous short analysis, showing that while UPFs well address
food availability and safety (Fardet et al., 2024), this is
made at the expense of food system sustainability, human
health, and socio-economics (Fardet & Rock, 2020b). More
recently, some quantitative studies were published relat-
ingUPF consumption to various environmental footprints.
First, in Australia, diets rich in UPF were associated with
high greenhouse gas emissions and energy use, with emis-
sion being mostly related to “additional processing and
packaging rather than its rawmaterials” (Liyanapathirana
et al., 2023). According to the Third French Individual and
National Food Consumption report, “UPF represented 19%
of the diet yet contributed 24% to the diet’s greenhouse gas
emissions, 23% to water use, 23% to land use and 26% to
energy demand,” the higher environmental pressure from
high-UPF consumers partially coming from calorie intake
(Kesse-Guyot et al., 2022). Generally, UPFs prompt to eat
more than reason or satiety, leading to consume useless
extra calorie. In this way, the only reduction of UPF con-
sumption without replacement with other food may be a
lever to reduce the environmental footprint. Notably, obe-
sity worldwide has been estimated to contribute 1.6% of
all greenhouse gas emissions (Magkos et al., 2020). Simi-
larly, in Brazil, a significant linear association between the
dietary contribution of the UPF group and the diet water
footprint was found, with the association being mediated
by total energy intake (FelleggerGarzillo et al., 2022). Obvi-
ously, in NOVA group 1, red meat exhibits a high carbon
and water footprints—as it is already well known and
abundantly published, but reinforced inmeat-based UPFs.
In Spain, it was shown on 5879 participants withmetabolic
syndrome thatmajor reductions in theirUPF consumption
reduced their impact by − 0.6 kg of CO2eq and −5.3MJ of
energy, and that water use increased as the percentage of
UPF was reduced, probably due to the fact that growing
vegetables, fresh fruits, and nuts need higher amount of
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F IGURE 2 The holistic and unifying 3V’s rule decision tree to integrate food “matrix effect” and degree of processing for a healthy and
sustainable complex dietary pattern (adapted from Fardet & Rock, 2022).

water (García et al., 2023). More recently in Brazil, both
beef and UPF have been shown to have a significant lin-
ear association with carbon and water footprints (Levy
et al., 2024). Together, these results suggest the need to
reduce not only red meat, but also UPF consumption for
improving food system sustainability. We have conceptu-
alized these observations within the framework of the 3V
rule (i.e., “Vrai,” “Végétal,” and “Varié” in French) (Fardet
&Rock, 2020a) (Figure 2). Notably, the first rule (i.e., favor-
ing “real” and non-UPFs) emphasized that UPFs may be
consumed, but not exceeding a certain daily threshold.
This year, we also published a position paper in which

we have reached the following endpoints (Fardet et al.,
2024): “It is concluded that food processing should become
more involved in circular food systems and bioeconomy,
and that we need to relocate food production, processing,
and consumption to be more aligned with regional food
production specificities. For this, minimal processing to pre-
serve foodmatrices should be preferred. Therefore, the strong
current tendency to develop reductionist and siloed innova-
tive solutions to improve the sustainability of food systems
should be questioned.” Finally, a conceptual framework
of the drivers of UPF production and consumption, and
their environmental impacts has been proposed for future
studies (Anastasiou et al., 2023).

3.4 UPF and food scoring

With the UPF concept being holistic, one therefore needs
to score industrial foods with a holistic score (Figure 1).

Previously, we mentioned NOVA and Siga scores, which
take foods more in their complexity as alternatives to food
composition scores, which may be misleading consumers
on what is a healthy food. Scoring industrial foods accord-
ing to such classification would be very impactful because
of the link not only to human health, but also to global
health as well, including biodiversity (Baker et al., 2020;
Leite et al., 2022), which is not as much the case with usual
food compositional scores, traditionally used worldwide
for decades. Finally, we defend the idea that it is very likely
that the more an UPF contains MUPs the highest the envi-
ronmental footprint, but this remains to be demonstrated,
and should be the topic of future studies.

4 CONCLUSIONS AND PERSPECTIVES

Whether one agrees or disagrees with the concept of
UPF (Astrup & Monteiro et al., 2022; Monteiro & Astrup
et al., 2022), it certainly has enabled vivid discussions
and allowed relevant advances in food and nutrition sci-
ence. Indeed, food professionals now begin to look at
foods differently, not only as a sum of some nutrients;
and that is already a lot. In addition, it allows focusing on
the role played by food processors on food health poten-
tial, a neglected role today, due to the misleading strong
focus on nutrients only (Fardet et al., 2024). Consequently,
this also has led to falsely and disproportionally focus
on producers only upstream as regards to their potential
of polluting agricultural practices. Likewise, consumers
have been regarded as a downstream actor for potentially
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promoting unsustainable behaviors. This contributes to
hiding the root of the problem and themeans for solutions.
Studying UPF in a reductionist way may be useful on

a very long term but there is a risk of delaying short-
term political decisions when epidemiological evidence is
already rather strong. Primarily, UPF should be consid-
ered within the framework of dietary patterns, and their
share in calorie percentages regardless of the type of UPF
sub-group.
We integrated these concerns, human health, and envi-

ronmental sustainability, in the 3V rule metric (Fardet &
Rock, 2020a, 2022), which includes the degree of food pro-
cessing (and hence the food matrix effect) as an emerging
and fundamental dimension of our dietary patterns. With-
out this dimension, we can recommend to revegetate our
plate without real impacts on global health if it based on
ultra-processed plant-based foods, often more close to edi-
ble chemistry, with potential health concerns for whichwe
have still little hindsight (WHO, 2021).
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