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Abstract
Objective: To define a generic diet to protect human health and food system sus-
tainability based on three dimensions: animal:plant ratio, degree of food process-
ing and food diversity.
Design/setting: The percentages of maximum animal and ultra-processed energy
content were evaluated from scientific papers (Web of Science database) and
reports from international scientific institutions. Then, a weekly French standard
diet, including these percentages and food diversity (≥42 different foods), was
designed to calculate adequacy to nutritional needs.
Results: Based on traditional and scientifically based healthy diets, and on foresight
scenarios for sustainable diets at horizon 2050, a median daily animal energy con-
tent intake of 15 % was found to be protective towards both human health and
environment. Based on epidemiological studies associating ultra-processed
energy consumption with increased overweight/obesity risk, a precautionary
threshold of approximately 15 % ultra-processed energy content was observed.
The French diet allows addressing all nutritional needs and other nutritional indica-
tors such as maximum salt and simple sugar consumption, α-linolenic acid:linoleic
acid ratio and essential amino acids. This diet was named the ‘3V rule’ for Végétal
(plant), Vrai (real) and Varié (varied, if possible organic, local and seasonal). This
generic diet can be adapted according to regional traditions and environmental
characteristics. Excluding only one dimension of it would threaten both health
and food system sustainability.
Conclusions: Tending towards a 3V-based diet, while respecting local con-
straints, should allow preserving human health, environment (greenhouse gas
emissions, pollution, deforestation, etc.), small farmers, animal welfare and
biodiversity, culinary traditions and socioeconomics (including an alleviation
of public health cost).
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Today, recommended diets should not consider only
consumers’ health but also food system sustainability(1).
At first view, defining such a diet, covering all four securities
at once (sanitary, health, nutritional and environmental),
appears to be a tremendous task(2–4). In all cases, nutritional
sciences should be included in a transdisciplinary approach
to include all the four criteria. Therefore, adopting a more
holistic perspective should be preferred over the present
single-nutrient/food group reductionist approach(5) for
which contradictory results have been obtained at present.
Indeed, some studies showed that high nutritional quality,
healthy diets and/or diets adhering to food-based dietary
guidelines are not necessarily associated with lower

greenhouse gas emissions (GHGE)(6–10), while other studies
are more moderate(11–16). Moreover, GHGE is not the only
issue to consider to define sustainable diet; there are also land
use, water footprint, biodiversity, socioeconomic aspects and
animal well-being. FAO of the United Nations defines sus-
tainable diets as those that protect humanhealth, the environ-
ment (pollution, deforestation, GHGE, etc.), small famers,
culinary traditions and socioeconomics (healthy foods acces-
sible to everyone, social life, fair trade, etc.)(17,18), to which
animal biodiversity and welfare(19) can also be added. In
addition, it is worth mentioning that the diets of each world
region depend on different economic, pedo-climatic and
agronomic conditions. Therefore, the design of a sustainable

Public Health Nutrition: 23(16), 3028–3044 doi:10.1017/S136898002000227X

*Corresponding author: Email anthony.fardet@inra.fr © The Authors 2020

https://doi.org/10.1017/S136898002000227X Published online by Cambridge University Press

https://doi.org/10.1017/S136898002000227X
https://doi.org/10.1017/S136898002000227X


diet should be sufficiently generic and based on the specific
local conditions of eachcountry respecting culinary traditions
first derived from local agricultural production.

Scientific evidence has shown that excess animal energy
content, notably red and processedmeats, is the main factor
threatening both food system sustainability(20–23) and
health(24–28), some studies investigating both at once(29–31).
However, several recently published reports and papers
demonstrated that a balanced consumption of meat is sus-
tainable for both health and environment(32–36) ‘as they play
a critical role in improving nutrition, reducing poverty,
improving gender equity, improving livelihoods, increasing
food security, and improving health’(36). Therefore, the issue
is not to suppress animal foods but to achieve a win–win–
win approach to synergistically protect human health, the
environment and animal welfare by significantly reducing
animal food production and consumption(37).

Similarly to animal energy content, those from ultra-
processed foods (UPF) have been associated with an
increased risk of several chronic diseases or conditions
in over thirty epidemiological studies(38,39). These results,
together with previous evidence about the influence of
the degree of food processing on health (e.g., whole-grain
v. refined cereals, raw fruits v. sweetened fruit juices, or red
v. processed meats), showed that the degree of processing
matters for defining food health potential(1,40) more than
their nutrient contents alone(41). It has been also suggested
that they are not associated with food system sustainability,
notably due to increased plastic pollution, deforestation,
intensive monocultures, energy-demanding technological
processes, GHGE and excess water use(42).

Besides focusing on animal and ultra-processed foods,
it is well admitted now that ‘eating varied’ ensures an opti-
mum supply of synergistic bioactive protective compounds
against chronic diseases(43,44) as well as increases and
improves environmental biodiversity(1) contributing to its
sustainability. Indeed, in some world regions, monotonous
diets are shown to result inmicronutrient deficiencies (mainly
vitamin A, proteins, Fe, iodine and Zn)(45) in developing/
emerging countries, or in developed countries when the
western diet includes excess ‘empty’ ultra-processed energy
content(46–52). Thus, dietary diversity in developing countries
is shown to be positively associated with nutritional
adequacy(53–55). On the contrary, dietary diversity in devel-
oped countries has not been necessarily associatedwith pos-
itive health outcomes in contrast with diet quality(56). The
reason is that diversity in these countries is generally associ-
ated with consuming more diversified UPF, not fulfilling
healthy eating criteria(38). Therefore, the well-known ‘eat var-
ied’ applies to diverse raw agricultural commodities and
mildly processed nutrient-dense foods.

From the above considerations, a generic and sustain-
able complex diet should be holistic and composed of
diversified and high-quality foods containing a certain
animal:plant ratio and a lower degree of food processing.
However, healthy diets advocated today are either

regional, for example, the Mediterranean or Nordic diet,
or national (e.g., food pyramids or plates). The basis of
these diets is essentially nutritional, andmany failed to con-
sider the growing rate of UPF share worldwide(38,57), threat-
ening traditional diets in return.

The aim of the current study was to design a generic diet
based on three dimensions at the same time, as identified
previously(1). Qualitative, rather than quantitative, recom-
mendations allow the generic diet to be easily extrapolated
and adapted to regional socioeconomic, climatic and agro-
nomic specificities. Using a data mining approach includ-
ing both original papers and foresight scenarios from
several international institutions, we determined daily
maximum animal and ultra-processed energy percentages
for a healthy and sustainable diet while tending towards
diversity among both animal- and plant-based foods.
The definition of such a generic diet first intends to be dis-
ease-preventive, that is, increasing people’s healthy life-
years while preserving food system sustainability.

Methods

Determination of animal:plant energetic ratio
A literature search was carried out through mining of scien-
tific literature from two main sources:

1. Studies of the association between traditional a priori
(i.e., defined prior to the study) and a posteriori
protective diets and health: The diets were selected
based on meta-analyses, reviews and/or prospective
cohort studies (when meta-analyses not available) of
their associations with health outcomes, including
risks of all-cause mortality, overweight/obesity, type 2
diabetes, cancers, CVD, mental illnesses (e.g., depres-
sion, Alzheimer’s disease, Parkinson’s disease, cogni-
tive decline) and/or other chronic conditions (e.g.,
osteoporosis, hypertension or glycaemic control). Our
search was carried out with the ISI Web of Science
up toDecember 2019. Diets with no proven health ben-
efits, or not sufficiently studied, were not selected.

2. Scientific reports defining sustainable diets at horizon
2050 as protective of both human health and different
environmental outcomes (i.e., GHGE, land and pesti-
cide use, water footprint, food waste, etc.): A search
was carried out for foresight collective expertise from
the websites of international organisations, govern-
ment institutions, research institutes and private foun-
dations up to December 2019. Only those reports
showing the animal energetic share and those taking
into consideration environmental outcomes were
selected.

Our objective was not to review scientific papers and
reports but extract data about daily animal energy shares
to reach both human health and environmental
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sustainability. Otherwise, it should be remembered that the
health protectiveness of diets, as defined by the current
study, is mainly based on their associations or correlated
relationships, not causality. However, accumulating scien-
tific, as generally used for defining national dietary recom-
mendations, was considered sufficient to select such diets
as protective of human health.

For each selected diet, the recommended minimum
and maximum number of servings per day was collected
and converted into daily energy percentages. The energy
conversion, as given by either the French Ciqual(58) or
American USDA(59) databases, was based on recom-
mended serving sizes(60) of generic foods representative
of the animal product category, that is, white meat, red
meat, milk, cheese, yogurt, eggs, seafood and fish (combin-
ing fatty and lean fishes). Overall, by averaging all
generic animal products, one serving of animal product
corresponded to approximately 7·5 % of daily energy con-
tent (Table 1). However, serving sizes may vary according
to countries, and not normalised at the European level.
Serving sizes chosen by the current study correspond to
those recommended by dietitians in France(60). Finally, a
median serving of animal products was calculated based
on the reported daily minimum serving of each diet.

Determination of non-ultra-processed:
ultra-processed energetic ratio
In brief, UPF were derived from the NOVA classification(61)

and ‘are formulations of ingredients, mostly of exclusive
industrial use, that result from a series of industrial proc-
esses (hence “ultra-processed”) : : : Processes include
the fractioning of whole foods into substances, chemical

modifications of these substances, assembly of unmodified
and modified food substances, frequent use of cosmetic
additives and sophisticated packaging’ (pp. 936 and
937)(62). For example, UPF may include, among others, car-
bonated soft drinks, sweet or savoury packaged snacks,
chocolate, candies (confectionery), ice cream, mass-
produced packaged breads and buns, margarines and
other spreads, biscuits, pastries, cakes and cake mixes,
breakfast ‘cereals’, burgers, hot dogs and other reconsti-
tuted meat products, etc.(62) To date, thirty-four epidemio-
logical studies have reported about excess ultra-processed
energy consumption and the risks of chronic diseases
and/or metabolic dysregulations(38,39). The most studied
chronic disease was overweight/obesity, with three ecologi-
cal studies, five cross-sectional studies and four longitudinal
prospective studies(39). Overweight/obesity was the most
studied metabolic dysregulation, and is the first step to
chronic diseases such as CVD and/or cancers(63). Therefore,
obesity risk was the criterion used to select studies for the
evaluation of two thresholds: (i) the median threshold of
ultra-processed energetic intake at which the risk of over-
weight/obesity begins to significantly increase, and calcu-
lated from all selected studies; and (ii) the precautionary
threshold, which corresponds to theminimum consumption
of ultra-processed energy content at which the risk of over-
weight/obesity begins to significantly increase.

The 3V rule and nutritional needs
Based on the evaluated thresholds of animal and ultra-
processed energetic percentages, we then tested the
ability of a 3V-based diet to address nutritional needs by
defining a weekly standard diet pattern based on common
staple foods consumed in France, considered as an
industrialised country (Table 2), from the French Ciqual(58)

and American USDA(59) databases. This French generic diet
also addressed food diversity, that is, at least two different
food varieties were used among red meat, white meat,
seafood, fish, eggs and dairy products and among cereals,
nuts and seeds, legumes, fruits, vegetables and tubers. For
example, for the cereal group, maize and wheat were used,
not only wheat-based products; for fruits, more than one
fruit type was used; for dairy products, cheese, yogurt and
milk were used, and so on. From this theoretical and generic
diet, the level of macronutrients, fibre and micronutrients
(vitamins, minerals and trace elements) was calculated,
and included at-risk nutrients when decreasing animal prod-
ucts or consuming too many UPF. These latter nutrients
include essential amino acids (EAA, 13 g/d), SFA (12 %
maximum of daily kilocalories), simple sugars from added
sugars, fruit juices and honey as defined by the WHO (daily
10% maximum energy content)(64), vitamin B12, vitamin D,
vitamin A, Ca, iodine and salt, and linoleic acid (LA),
α-linolenic acid (ALA), EPA, DHA, with a selected average
conversion rates of ALA in EPA and DHA of 14 and 5%,
respectively(65).

Table 1 Average serving size* and kilocalories† for generic animal
foods consumed in western countries

Serving size (g) kcal

Butter 10 74·4
Cheese (n 12‡) 38 132·2
Milk 250 115·5
Egg 60 85·2
Yogurt 125 79·9
White meat (n 7‡) 128 222·1
Red meat (n 5‡) 122 232·3
White ham and bacon (n 3‡) 60 68·3
Sausages (n 4‡) 75 236·9
Mortadella 26 78·3
Salami 50 228·5
Fatty fishes (n 3‡) 102 173·0
Lean fishes (n 3‡) 100 110·8
Offals (n 6‡) 163 297·6
Seafoods (n 4‡) 112 103·8
Means 95 149
% daily kilocalories from one serving
of animal food§

7·5

*Based on LaNutrition.fr website (https://www.lanutrition.fr/bien-dans-son-assiette/
bien-manger/les-recommandations-de-lanutrition.fr/une-portion-cest-combien).
†Based on French Ciqual database.
‡Number of different foods.
§Based on a daily basis of 2000 kcal for an adult, that is, (149 × 100)/2000.
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The calculations were based on a standard 2000 kcal/d
for a healthy adult, including 1·5 l/d of mineral water. The
weekly supply of nutrients was compared with the dietary
reference intake (DRI) in percentages and other recom-
mendations. Finally, based on the French food guide
pyramid, the diet was also designed to balance – among
plant-based foods – (i) whole-grain cereals, legumes, nuts
and seeds, that is, approximately 30–40 % daily energy
content, (ii) fruits and vegetables, that is, approximately
20–30 % daily energy content and (iii) added fats and
sugars, that is, approximately 15 % daily energy content.

Results

Dimension 1: determination of a median optimal
value of daily animal energy intake
The most studied diets were Okinawan, prudent, vegetar-
ian, Mediterranean, Palaeolithic, Dietary Approach to Stop
Hypertension (DASH), anti-inflammatory and Nordic diets

(Table 2). Others such as Inuit, portfolio, flexitarian and
ketogenic diets were very specific diets and/or not suffi-
ciently studied. Scientific evidence towards their protective
potentials was not enough relevant or consensual in order
to include them in the current study. Notably, the ketogenic
diet was tested in very specific pathological and clinical
conditions, not as a preventive diet towards the abovemen-
tioned chronic conditions; the Inuit diet is confined to a
very specific region; and there were no epidemiological
studies on the portfolio diet.

We found four a priori traditional diets (i.e., Okinawan,
Palaeolithic, Mediterranean and Nordic/Baltic Sea diets) and
four a posteriori generic diets (i.e., prudent, vegetarian, anti-
inflammatory and DASH diets) as being potentially protec-
tive against the development of chronic diseases (Table 2):

1. The traditional Okinawan diet is a low-energy, nutrient-
dense, antioxidant-rich diet pattern(66,67). The number
of servings of animal products is 0–3 per day, that is,
approximately 11·3% energy content(67).

Table 2 Number of recommended animal servings and energy content for health-protective diets worldwide

Protective diets
Min–max servings
per day*

Average daily
energy content (%)†

References for health
outcomes

Thirty-seven
countries

Actual – 26·7 (37)
National
recommendation

– 21·9 (37)

French consumption
Actual: INCA3 Approximately 5–6 37–45 (88)
Recommendation:
PNNS4

Approximately 3–4 23–30 (89,127)

Traditional diets
Okinawan Approximately 0–3(67) 11·3 Global health(66,67,128,129)

Palaeolithic Approximately 6–7(68) 48·8 Weight, BMI and waist circumference(130); CVD risk
factors(131)

Mediterranean Approximately 2–4(70) 22·5 All-cause mortality(132–135); chronic diseases(69,136,137);
bone mineral density and fractures(138,139);
CVD(140–143); hypertension(144); cancers(145–149);
mental health(143,150–152); type 2 diabetes(153–155);
glycaemic control, body weight and

CV risk factors(156,157)

Nordic/Baltic Sea Approximately 2–3(158) 18·8 Global health(71); insulinaemia(159); cardiometabolic
markers(160); cognitive functions(161)

Generic diets
Prudent Approximately 1–4 18·8 Cognitive decline(162); insulin resistance(163); global

health(75)

Vegetarian Approximately 1–3(164) 15·0 Cardiometabolic risk factors(165); coronary/ischemic
heart disease mortality(166–168); type 2 diabetes(169);
inflammatory biomarkers(170); cancers(167,168); body
weight(171); blood pressure(172); glycaemic
control(173); triglyceridaemia(174)

DASH Approximately 2–4(77) 22·5 Colorectal cancer(175,176); metabolic syndrome(177);
serum inflammatory markers(178); body weight and
waist circumference(179,180); CV risk factors(181);
CVD(182) blood pressure(179,183); glycaemic control(184)

Anti-inflammatory Approximately 0–1 3·8 All-cause mortality(185); CVD(186); depression(187);
obesity(188)

DASH, Dietary Approach to Stop Hypertension.
*Number of minimum and maximum servings has been defined from data available in scientific papers and recommended food guide pyramids found on websites.
†Two servings of animal-based foods daily is around 15% energy content based on a weekly 3 V-based diet (see Table 1).
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2. The Palaeolithic diet is the richest in animal products
(6–7 servings per day), allowing around equal propor-
tions of animal/plant energy content daily(68).

3. The Mediterranean diet(69) provides an average of
2–4 servings daily corresponding to approximately
22·5 % energy content(70).

4. The Nordic/Baltic Sea diet is an umbrella term that
encompasses any interpretation that combines food-
based dietary guidelines with local Nordic foods(71,72),
corresponding to approximately 22·5% animal energy
content, that is, 2–3 servings of animal products
per day(73).

Based on a posteriori scientific evidence, four generic
diets have been proposed to prevent chronic diseases
(Table 2):

1. The prudent diet – in which saturated/trans-fat intake
is <10 % of total energy content and cholesterol is
<300 mg/d and/or fibre intake is ≥25 g/d for women
and ≥35 g/d for men(74) – is typically high in total fat
(35–45 %) but low in SFA (7–8 % of energy), with an
average of 1–4 servings of animal products per day,
that is, approximately 18·8 % energy content(75).

2. The vegetarian diet(76) includes approximately 1–3
servings per day of animal products, that is, an average
of 15 % daily energy content.

3. DASH(77) indicates 2–4 servings of animal products per
day(77), that is, an average of 22·5 % animal energy
content.

4. The anti-inflammatory diet indicates fewer animal
products with 0–1 daily serving, that is, approximately
9·4 % energy content.

Considering these eight traditional/a posteriori generic
diets and the minimum number of recommended daily ani-
mal servings (Table 2), a median of 11·3 % animal energy
content per day was reached, that is, 1·5 servings per day.

Several international agencies have proposed foresight
scenarios to define sustainable diets to protect both human
health and the environment at horizon 2050, mainly by
reducing environmental impacts arising due to food systems
(Table 3). Our search identified eight relevant scenarios that
take into consideration such environmental impacts as
climate change, land and water use and biodiversity, among
others: Agrimonde-Terra(78), EAT-Lancet(79), WWF2050(80,81),
Nordic Sufficiency(82), Swiss FeedNoFood2050(83), Afterres
2050(84), IDDRI(85) and Millennium Institute(86) (Table 3).

Concerning international foresight scenarios, Agrimonde-
Terra, focusing on land use for a healthy diet, is based on
500 kcal of animal energy content among a total of 3000 kcal,
that is, 16·7 % animal energy content(78). EAT-Lancet
designed a ‘universal’ healthy diet for a sustainable food sys-
tem with approximately 13·6% animal energy content(79).
The Millennium Institute, focusing on total food waste and
losses and total harvested area, proposed four scenarios,
among which scenario four takes the most environmental
issues into consideration, with approximately 16·0 % daily
animal energy content. At the European level, the IDDRI pro-
posed the TYFA (Ten Years for Agroecology) scenario that
corresponds to around 13·5% daily animal energy
content(85).

Concerning regional scenarios, the French scenarios
proposed approximately 24·3 % animal energy content
for Afterres 2050(87) and approximately 25·7 % animal
energy content for WWF France(80,81). The Swiss Research

Table 3 Number of animal daily energy content calculated from foresight diets for both health and sustainable food systems

Foresight scenarios at horizon 2050
Animal energy
content (%) per day Environmental outcomes References

International/European scenarios
Millennium Institute: scenario 4 Approximately 16·0 Food loss and waste, crop production for animal feed (86)
Agrimonde-Terra (INRA-Cirad):
‘healthy’ scenario

Approximately 16·7 Climate change (GHGE), land use, urbanisation, cropping
and livestock systems

(78)

EAT-Lancet Approximately 13·6 Land system change, biodiversity loss, freshwater use,
climate change (GHGE), N and P cycling, food waste

(79)

IDDRI: TYFA scenario Approximately 13·5 Land use, natural prairies and biodiversity, symbiotic N,
extensification of livestock and plant production,
abandonment of pesticides, climate change

(85)

Regional scenarios
WWF2050: French scenario Approximately 25·7 Land and water use, climate change (GHGE), nitrogen

balance, use of fertilisers and phytosanitary products
(80,81)

Afterres 2050: French scenario Approximately 24·3 Climate change (GHGE), land use, pesticide use, plant
proteins, non-food valuations, intensive livestock

(84)

Nordic Council of Ministers: Nordic
sufficiency scenario

Approximately 17·9 Local resources, organic farming system, climate changes
(GHGE), biodiversity, grazing, food waste, eutrophication,
N balance, pesticides

(82)

Research Institute of Organic
Agriculture FiBL: Swiss
FeedNoFood2050 scenario

Approximately 14·7 Environmental, economic and social performance (83)

GHGE, greenhouse gas emission; TYFA, Ten Years for Agroecology; FiBL, Swiss Research Institute of Organic Agriculture.
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Institute of Organic Agriculture (FiBL) proposed an opti-
mised diet, called the FeedNoFood2050 scenario, that
assumes an improved use of agricultural land by feeding
only grass and by-products to livestock, which are not com-
peting with direct human nutrition, that is, do not require
arable land (neither in Switzerland nor abroad), thereby
allowing good social, health, economic and environmental
sustainability compared with their reference diet(83). It cor-
responds to approximately 14·7 % daily animal energy con-
tent (Table 4). Finally, the Nordic Council of Ministers
proposed a generic sufficiency scenario for all Nordic
countries, with approximately 17·9 % daily animal energy
content(82).

Taking into account traditional/a posteriori generic
diets (median 11·3 %) and foresight diet scenarios (median
16·4 %) together, a median value of approximately 15·0 %
animal energy content was reached. In comparison, actual
animal energy consumption in France is approximately 37–
45 %(88) and that recommended by French PNNS
is approximately 25–30 %(89) (Table 2). Beyond France,
considering thirty-seven countries, the average recommen-
dation of daily animal energy intake is 21·9 v. 26·7 % for
actual consumption (Table 2)(37).

Dimension 2: determination of the maximum
value of daily ultra-processed energy content
Six epidemiological studies – four cross-sectional(90–93) and
two longitudinal(94,95) – investigated the association
between increased risk of overweight/obesity and excess
ultra-processed energetic consumption (Table 4). In the
first Brazilian study involving 55 970 households, obesity
risk increased by 2·1 % beyond 17·3 % ultra-processed

energy content(91). In the second Brazilian study involving
30 243 individuals aged ≥10 years, obesity risk increased
by 29 % with the share of ultra-processed energy content
increasing from 14 to 22 %(90). In the third study conducted
in the USA, an overweight risk of over 20 % was observed
from 36·6 % UPF energy content(93). Finally, in a Canadian
cross-sectional study involving 19 363 adults aged
≥18 years, obesity risk increased by 8 % from 36·1 %
ultra-processed energy content, and by 3 % for each 10 %
increase of ultra-processed energy content(92). Concerning
longitudinal studies, the first Brazilian cohort comprised
4525 civil servants aged 35–74 years at baseline, and
obesity risk increased by 36 % from 23·9 % ultra-processed
energy content, with a linear increase between 0 and 30 %
ultra-processed energy content up to approximately 59 %
risk of overweight/obesity(94). The second longitudinal
study was carried out involving in 8451 middle-aged
Spanish university graduates, where overweight/obesity
risk significantly increased from 2·7 servings per day of
UPF, that is, approximately 18·6 % of energy content(95).

From these studies, the median daily ultra-processed
energetic percentage at which obesity risk begins to signifi-
cantly increase is approximately 21·3 % (Table 5). Taking
the lowest precautionary threshold, we obtained 14·0 % at
which obesity risks significantly increased by over 29%(90).
At 14%, a cubic spline analysis in the longitudinal study by
Canhada et al.(94) showed an increased overweight/obesity
risk of approximately 29% (Table 5).

Fifteen per cent maximum animal and
ultra-processed energy content v. nutritional needs
Based on generic staple foods and including both maxi-
mum 15 % animal and ultra-processed energy content

Table 4 Number of maximum ultra-processed daily energy content for increased risk of overweight/obesity (from epidemiological studies)

Country Type of study and population
Daily energy content from
ultra-processed foods (%)* Overweight/obesity prevalence References

Brazil Cross-sectional: 55 970 Brazilian
households

17·3 (Q2) v. 11·0 (Q1) þ2·1% obesity prevalence
(predictive value)

(91)

Brazil Cross-sectional: 30 243
individuals aged ≥10 years

14–22 (Q2) v. 0–13 (Q1) þ29% obesity prevalence (90)

Spanish Longitudinal: 8451 middle-aged
Spanish university graduates

18·6 (Q2) v. 10·4† (Q1) þ15% incident overweight/obesity (95)

USA Cross-sectional: 15 977 adults
(20–64 years)

36·6–49·9 (Q2) v. ≤36·5 (Q1);
50·0–60·9 (Q3) v. ≤36·5 (Q1)

þ20% overweight; þ19% obesity (93)

Brazil Longitudinal: 4525 civil servants
aged 35–74 years at baseline

23·9–30·8 (Q3) v. 0–17·7 (Q1);
between 0 and 30% (restricted

cubic spline analyses)

þ36% incident overweight/obesity;
linear increase in overweight/
obesity risk up to approximately
þ59%, then plateaued

(94)

Canada Cross-sectional: 19 363 adults
aged ≥18 years

36·1 (Q2) v. 20·1 (Q1); for each
þ10%

þ8% obesity risk; þ3% obesity risk (92)

Median maximum UPF energetic threshold from
which obesity risk significantly increases

21·5

Precautionary UPF energetic threshold ≥14·0% → þ29%;
approximately 14·2% →

þ29%

Logistic regression models; cubic
spline analyses

(90,94)

UPF, ultra-processed food.
*As defined by NOVA classification.
†Servings were converted into kilocalories based on the 3 V-based diet (Table 2), that is, one serving is approximately 6·9% kcal daily.
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Table 5 A weekly standard French diet simulating the 3V rule*

Day 1
Serving
size kcal Day 2

Serving
size kcal Day 3

Serving
size kcal Day 4

Serving
size kcal Day 5

Serving
size kcal Day 6

Serving
size kcal Day 7

Serving
size kcal

Breakfast Muesli 50 212 Muesli 50 212 Muesli 50 212 Muesli 50 212 Breakfast
cereals

30 117 Muesli 50 212 Croissant 90 338

Milk 150 69 Milk 150 69 Milk 150 69 Milk 150 69 Milk 150 69 Yogurt 175 112 Coffee 240 11
Sugar 24 96 Honey 30 98 Sugar 24 96 Sugar 24 96 Sugar 24 96 Sugar 24 96 Sugar 24 96
Orange 200 94 Orange juice 200 90 Banana 240 216 Soya milk 50 30 Kiwi 230 135 Apple juice 200 85
Coffee 60 3 Coffee 60 3 Coffee 60 3 Thé 200 1 Tea 200 1 Coffee 60 3

Lunch Beetroot salad 100 47 Avocado 200 310 Grapefruits 120 54 Hard boiled eggs 50 67·0 Salad 50 7 Carrot purée 175 112
Vinaigrette 30 139 Vinaigrette 30 139 Sugar 12 48 Mayonnaise 15 104 Vinaigrette 30 139 Vinaigrette 30 139 Industrial chips 30 164
Fried chicken

wing
100 213 Fried lean fish 75 94 Industrial

beefsteak
100 231 Fried fatty fish 85 194 Veal liver 100 137 Pie pâté 75 219 Cheese 25 87

Fried potatoes 200 276 Fish sauce with
lemon

15 19 Boiled lentils with
salt

100 124 Virgin rapeseed
oil

15 135 Wholemeal
pasta

210 302 Cola soda 330 138 Royal pizza 100 226

Vanilla ice-cream 50 101 Brown rice 150 237 Virgin rapeseed
oil

15 135 Cauliflower 175 37 Fruit yogurt 125 80 Strawberries 90 31 Chocolate
fondant

40 146

Whole-grain
wheat bread

75 192 Virgin rapeseed
oil

15 135 Apple sauce 130 133 Lemon pie 75 287 Multi-cereal
bread

75 179 Multi-cereal
bread

75 179 Whole-grain
wheat bread

50 128

Fruit salad 130 65 Whole-grain
wheat bread

75 192 Whole-grain
maize bread

75 299

Whole-grain
wheat bread

75 192

Collation Dried fruits 36 109 Banana 240 216 Almonds 35 222 Walnut 30 213 Apple 276 149 Industrial
biscuits

50 180 Whole-grain
wheat bread

50 128

Butter 10 73·0
Chocolate 20 110·6

Diner Vegetable soup 234 92 Salad of raw
vegetables

150 59 Vegetable soup 234 87 Lentil salad 100 124 Bean soup 250 333 Salad of raw
vegetables

150 59 Salad of raw
vegetables

75 14

Pineapple 80 43 Vinaigrette 30 139 Plum 100 49 Vinaigrette 30 139 Apple 276 149 Vinaigrette 30 139 Vinaigrette 30 139
Whole-grain

wheat bread
75 192 Whole-grain

wheat bread
75 192 French baguette 50 141 Grape 100 128 Multi-cereal

bread
50 119 Fruit salad 130 65 Homemade fruit

cake
90 352

Virgin rapeseed
oil

15 135 Dried seaweed
(Nori)

10 25·5 Virgin rapeseed
oil

15 135 Whole-grain
maize bread

50 199 Virgin
rapeseed
oil

15 135 Multi-cereal
bread

75 179 Industrial refined
bread

50 141

*The diet comprises 14·1 and 15·0% energy content from ultra-processed and animal foods, respectively. Yellow cases, animal foods; pink cases, ultra-processed foods; orange cases, both ultra-processed and animal-based foods.
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and a variety of food groups (≥42 different animal and
plant-based foods), a standard French generic diet was
designed (Table 5). This diet comprises 36·1, 51·6 and
12·4 % lipid, carbohydrate and protein energy content,
respectively. Whole grains and nuts, fruits and vegetables
and added plant oils and sugars account for 33·7, 20·2
and 14·5 % of total energy content, respectively.

With reference to a daily energy requirement of 2000 kcal
for a healthy adult, this standard diet supplies 2054
daily energy content, including 14·5 and 15·4 % energy con-
tent provided by ultra-processed and/or animal foods,
respectively, that is, some animal-based foods were also
ultra-processed (Table 5). A further analysis of this diet pro-
ceeded to address the levels of nutrients according to dietary

recommended intake (Table 6). Sparing a few, most of the
nutrients were found to be close to DRI. Added sugars
were slightly below the maximum 10% recommended by
the WHO, that is, 9·3 %. SFA contributed to 9·1 % compared
with the maximum recommended intake of 12% daily
energy content. Essential amino acids were largely
addressed, that is,>13 g/d. If EPA andDHAwere below rec-
ommendations (45 and 94%, respectively), the contribution
from ALA converting into EPA (approximately 14% of ALA)
and DHA (approximately 5 % of ALA) allowed reaching the
DRI with 163 and 136 %, respectively. In addition, salt con-
sumption and the LA:ALA ratio were below the maximum
recommended level of 5 g/d and< 5, respectively.
Without the addition of dried seaweed (nori), iodine DRI

Table 6 A weekly simulation of a 3 V-based French diet against dietary reference intakes (DRI)*

Nutrients DRI % DRI

Energy content 2000 kcal† 101·3
Proteins (11·6%) 58·1 g/d‡§ 104·6
Carbohydrates (49·1%) 238 g/d§ 103·3
Lipids (37·5%) 83·3 g/d§ 94·7
Essential amino acids 13 g/d 164·2
Simple (added) sugars∥ 10% kcal maximum 92·7 (9·3% kcal)
SFA 12% of kcal maximum 75·8 (9·1% kcal)
Fibre 30 g/d 102·8
LA (C18:2 n-6) 8·9 g/d 109·0
ALA (C18:3 n-3) 1·8 g/d 116·9
ALA/LA 5 maximum 4·6
EPA (C20:5 n-3) 250mg/d 44·7 (162·6 with ALA)¶
DHA (C22:6 n-3) 250mg/d 93·6 (135·6 with ALA)¶
Vitamin B1 1·3mg/d 105·9
Vitamin B2 1·8mg/d 111·4
Vitamin B3 17·4mg/d 120·3
Vitamin B5 5·8mg/d 111·7
Vitamin B6 1·8mg/d 118·7
Vitamin B9 330 μg/d 144·7
Vitamin B12 4 μg/d 304·6
Vitamin C 110mg/d 111·6
Vitamin A (retinol equivalent)** 750 μg/d 306·8
Vitamin D 15 μg/d 19·1
Vitamin E 10·5mg/d 143·3
Vitamin K 70 μg/d 147·9
Ca 900mg/d 94·3
Cu 1·3mg/d 342·0
Fe 11mg/d 119·1
Zn 7·5mg/d 108·7
Mg 420mg/d 109·6
Mn 2·8mg/d 190·5
Se 70 μg/d 293·6
P 700mg/d 164·4
Iodine 150 μg/d 136·2
K 2000mg/d 149·7
Chloride 2300mg/d 121·7
Na 1900mg/d 192·4
Salt 5·0 g/d maximum 4·7 g/d

LA, linoleic acid; ALA, α-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
*See Table 5: 15% ultra-processed foods represent 2·25% of ultra-processed animal energy content among the 15% (i.e., two servings per
week) and 12·75% of plant energy content among the 85% (i.e., twelve servings per week); the diet comprises 12·1, 35·2 and 52·7% of
protein, lipid and carbohydrate energy content, respectively; 20·2, 33·7 and 14·5% of fruits/vegetables, whole grains/legumes/nuts and
added fat/sugar energy content, respectively, based on 1·5 l/d of mineral water.
†For a healthy adult.
‡For an adult weighing 70 kg.
§Daily intakes of macronutrients are only indicative because recommendations are 10–20% for proteins, 40–55% for carbohydrates and
35–40% for lipids.
∥Simple sugars from added sugars, fruit juices and honey.
¶Conversion rates of ALA to EPA and DHA are on average 14% (8–20) and 5% (0·5–9), respectively(65).
**Including β-carotene converted to vitamin A (where 12mg β-carotene= 1mg vitamin A equivalent).
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was not reached, at only 88%. If veal liver contributed
greatly to the vitamin A supply (106·8% of DRI without veal
liver, instead of 306·8 %), then β-carotene remains a relevant
supply of provitamin A. Finally, vitaminDwas only 19·1 %of
the DRI, without considering vitamin D synthesis through
exposure to sun.

Discussion

Our results showed that it is possible to design a complex
diet compatible with both protection of human health and
food system sustainability. Based on the ‘3V rule’ – for
Végétal (plant), Vrai (real) and Varié (varied, if possible
organic, local and seasonal), in French – these three dimen-
sions are interconnected in the proposed diet. Therefore, a
3V-based diet may range between 15 and 30 % of both
animal and/or ultra-processed energy content. For
example, if all animal products are ultra-processed, the
remaining 85 % energy content are all non-ultra-processed,
plant-based products; and if all animal energy content are
non-ultra-processed, then the remaining energy content
are 15 % ultra-processed, plant-based energy content and
70 % are non-ultra-processed, plant-based energy content.

Otherwise, although tending towards a certain form of
genericity and converging towards similar conclusions of
EAT-Lancet (see key message no 4)(79), the current study
had different purposes. While EAT-Lancet notably focused
on the percentage shares of different food groups for reach-
ing ‘universal’ sustainability, the current study aimed to
extract the potential generic and fundamental dimensions
that would help in defining a healthy and sustainable diet,
and that can be adapted and also used as levers by different
public health policies. Thus, none of the diets considered
by the current study (to propose percentage shares of ani-
mal and ultra-processed energy content) have taken into
consideration the three dimensions of the 3V rule. In addi-
tion, the degree of food processing, based on the UPF con-
cept, was not directly considered in EAT-Lancet. Finally,
the 3V rule appears more to be an ‘umbrella concept’ for
a downstream (rather than upstream) appropriation by
the society at large through dieticians, nutritionists, restau-
rateurs, consumers and encompassing the abovemen-
tioned studies and reports.

The 3V rule and nutritional needs
Our calculations were made within the framework of a
French-style diet characteristic of developed countries.
However, similar simulations could be done within other
contexts where different types of animal- and plant-based
products are consumed. Fifteen percentage of animal
energy content may appear small at first view, but it is suf-
ficient to supply all the essential macro- andmicronutrients,
provided the third rule (varied) is correctly applied
(Tables 5 and 6). In addition, a reduction in ultra-processed

energy content (‘empty’ energy content) will bring in new,
minimally processed nutrient-dense foods rich in bioactive
compounds that are protective against chronic diseases
(i.e., more fibre, vitamins, minerals and antioxidants)(46–
51,96,97). Notably, iodine and vitamin A DRI are easier to
address when including aweekly serving of seaweeds/sea-
food (e.g., dried seaweeds) and offal/giblets (e.g., animal
liver), respectively. Concerning EPA and DHA, a sufficient
supply in ALA, notably through adequate use of plant oils,
allows the DRI to be reached. Concerning vitamin D, the
issue is different because many diets worldwide do not
address its DRI, and many people in most countries are
more or less vitamin D-deficient(98). Therefore, vitamin D
deficiency is not due to the proposed 3V rule-based diet.
Approximately one billion people worldwide have low lev-
els of vitamin D in their blood(99). Notably, according to a
2011 study, 41·6 % of adults in the USA are deficient,
although their omnivorous diet is still rather rich in animal
energy content(100). Such deficiency may be attributable to
a high consumption of ‘empty’ energy content, that is, a
nutrient-poor diet(101), and low sun exposure. Normally,
adequate exposure to sun (UV B radiation) should allow
addressing the vitamin D DRI(98), with differences in the
needed exposure time between summer (10–20 min) and
winter (2 h) periods. Beyond the mere quality of the diet,
the question of vitamin D supplementation deserves to be
addressed. Another solution for people not getting enough
exposure to sun would be to consume approximately 35 g
of cod liver oil weekly to achieve 100 % of DRI(58).

Reducing animal energy content to 15% daily
The first ‘Végétal’ rule is probably themost problematic and
controversial, for which it is very difficult to reach consen-
sus. Globally, a consensus over achieving the balance
between animal- and plant-based food energy content to
improve the healthiness of a diet is still lacking. A theoreti-
cal value of 15 % animal energy content was proposed
based on literature and determining a median value from
combined minimal values proposed within these suppos-
edly healthy diets. First, the median animal energy intake
of eight recognised protective diets is 13·1 %, but only
11·3 % when considering the minimum number of daily
servings. The eight selected scenarios for reaching diet sus-
tainability at horizon 2050 converge to a median value of
16·4 % daily animal energy content. Combining both obser-
vational and foresight diets, a level of approximately 15 %
daily animal energy content appeared to be optimum, par-
ticularly when respecting the two other rules, that is, ‘Vrai’
and ‘Varié’. Therefore, including environmental outcomes
does not substantially modify the animal energy share of a
diet to be protective of human health.

In developed countries where animal foods take a high
level of energy share, plant-based foods are reported to be
a relevant alternative(11,12,15,31,37), even if some geographi-
cal regions, such as the Arctic, are more hostile for plant
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growth. In France where animal energy content are reach-
ing approximately 37–45 % of energy share(88), at least 20 %
can be replaced by under-consumed niche foods such as
whole-grain cereals(102), nuts and seeds(88) and legumes(88),
all currently consumed under 14 g/d. In addition, this could
contribute to sustainable crop production, especially
legumes(103). A diet based on a maximum of 15 % animal
energy content is close to the recently emphasised healthy
flexitarian diet(104), meaning that animal foods would
become an exception, which is not commonly the case
today in western countries. In addition, as recently pointed
out, ‘an increase in the adoption of plant-based diets
presents an opportunity for the world to re-evaluate how
meat can be sustainably produced, with greater emphasis
on animal welfare, nutritional value, product safety, better
utilisation, and distribution channels’(105). Notably, Shepon
et al.(106) demonstrated that by replacing all animal-based
foods in the US diet with plant-based alternatives will
add enough food to feed 350 million more people, while
pointing out the importance of dietary shifts to improve
food availability and security. This dietary shift may well
correspond to the well-known flexitarian diet (for which,
however, the dimension ‘real’ (‘Vrai’) is lacking in its
accepted definition, notably through the level of UPF,
and for which the dimension ‘varied’ is incomplete through
the absence of ‘local’ and ‘seasonality’ criteria). Applying
the 3V rule is also in agreement with the fact that a shift
towards 85 % energy content being provided by plant-
based foods should be very effective in reducing
GHGE(107). Other researchers suggested that moving to a
flexitarian diet will lead to reduced GHGE (−54 %), land
use (−8 %) and water footprint (−11 %)(108). The impact
of dietary change was reported to be the highest on
GHGE by partially replacing meat with plant-based foods,
with effects being reduced through a replacement with
mixed foods or dairy(109).

However, the impact of dietary changes on sustainabil-
ity is also driven by the national income levels(110). In high-
income countries, the nationally recommended diets are
associated with reductions in GHGE, eutrophication
and land use from 13·0 to 24·8 %, 9·8 to 21·3 %, and 5·7
to 17·6 %, respectively, while in upper-middle-income
nations, such a recommended diet is only associated with
slight decreases in impacts of 0·8–12·2 %, 7·7–19·4 % and
7·2–18·6 %(110). The authors concluded that ‘reduced envi-
ronmental impact in high-income countries is driven by
reductions in energy content (≈54 %of effect) and a change
in composition (≈46 %)’ while in low- and middle-income
nations, the increased environmental impacts are associ-
ated with increased intake in animal products’(110).
Therefore, the adoption of a 3 V-based diet would mean
a drastic reduction in the use of animal products in devel-
oped countries, stabilisation in emerging countries and an
increase in developing countries where the daily animal
energy share is under 10 % most of the time.

An important but neglected issue when considering
food system sustainability is animal welfare. Scherer
et al.(19,37) were among the first to quantify the impacts of
animal consumption on animal welfare through the devel-
opment of an animal protection index. They found that ani-
mal welfare loss, associated with the current omnivorous
average diet, is mostly driven by poultry and egg consump-
tion (for animal life-years suffered and loss of morally
adjusted animal lives) and by seafood consumption (for
loss of animal lives)(19). The 3V rule, leading to the con-
sumption of fewer animal products, but of higher quality
animals raised in extensive conditions, is necessarily asso-
ciated with improved animal wellbeing.

Limiting ultra-processed energy content to 15% daily
The worldwide consumption of ultra-processed energy
content is high, especially in western and Anglo-Saxon
countries, often >40–50 % of daily energy content, and is
growing rapidly in emerging countries(57,111). In France, it
accounts for at least 36 % of daily energy content(112), even
more when including the poorest who consume most of
these products that are low in protectivemicronutrient den-
sity(113). Based on the NOVA classification(61), a decreased
intake of energy content would imply more home cooking
of bulk plant-based foods and returning to mildly/mini-
mally processed foods such as pasta, plain yogurts, arti-
sanal cheeses, breads and delicatessen, frozen or canned
plant/animal-based products, dried fruits, nuts and seeds,
whole fruits, muesli, butter, and so forth. As for animal
energy content, a decreased intake of UPF for improving
healthiness is recommended by international institutions
based on evidence from prospective epidemiological stud-
ies(17,38). According to literature, a precautionary level of
15 % of daily energy content is proposed.

From epidemiological studies on obesity risk (Table 4),
this 15 % threshold is only a proposition of a precautionary
maximum threshold at which overweight/obesity risk
was found to increase by approximately 29 % in two
studies(90,94), awaiting other studies to be reported.
Fifteen per cent of ultra-processed energy content corre-
spond to approximately 1–2 servings per day; these foods
might be generally more energy-dense than minimally
processed foods due to added fats and sugars and lower
water activity(96). Disparity among the selected studies
was observed, wherein overweight/obesity risks began
to significantly increase from the higher daily UPF energy
shares in USA and Canada (≥36 %) than in Brazil and
Spain (≥14 %). However, in the Canadian(92) and
American(93) studies, the chosen reference quintiles were
rather high for the energetic percentage of UPF (36·5 and
20·1 %), suggesting that significant effects may have been
found with a lower reference quintile, as in Spain and
Brazil where references were all <18 % daily energy
content.

The 3V rule to protect health and food system 3037

https://doi.org/10.1017/S136898002000227X Published online by Cambridge University Press

https://doi.org/10.1017/S136898002000227X


Besides obesity risk, other studies linked UPF with
mortality risk(114–117). In a longitudinal study involving a
restricted cubic spline analysis of the association between
UPF and all-cause mortality, it was found that for each
additional serving of UPF, all-cause mortality increased by
18% (adjusted hazard ratio 1·18, 95% CI 1·05, 1·33)(117). In
a recent study employing restricted cubic spline analyses,
a dose–response analysis showed that replacing only 10%
UPF energy content (isoenergetic substitution) with either
processed or un-/minimally processed foods might signifi-
cantly decrease the risk of mortality by approximately 20
and 56%, respectively(115). For CVD risk, a similar dose–
response analysis showed that an increase of 15% byweight
of UPF in the diet increased the risk by approximately 26%
(P-value for non-linearity= 0·39)(118). In a Brazilian model-
ling study, the authors reduced the intake of saturated fat,
trans-fat, salt and added sugar in ultra-processed foods by
75%, substituting this reduction with a 75% increase in
unprocessed or minimally processed foods(119). The results
showed that such a scenario might lead to a reduction in
CVD risk by 29%.

The interconnectedness of the 3V rule
In the current study, three main dimensions were identified
to holistically reach food system sustainability: Végétal
(plant), Vrai (real) and Varié (varied), preferably organic,
local and/or seasonal(1). These three rules are clearly inter-
connected (Fig. 1), meaning that no one dimension can be
excluded without impairing both human health and food
system sustainability:

1. First, except for niche populations (e.g., the Inuits), too
many animal energy content would threaten both
human health(120,121) and the environment(122), also
impacting animal welfare.

2. Second, replacing real foods with too much of UPF has
been consistently shown to increase the risk of several
chronic diseases(38,39). Therefore, as suggested for CVD
risk in the US adult population, it is not only sufficient to
consume more plant-based foods; they must be
minimally/normally processed(123). Actually, for each
point increase in highly processed plant food serving,
it has been shown that CHD risk similarly increased
as for each point increase in animal food serving(123).

3. Finally, replacing the third rule ‘Varied’ by
‘Monotonous’ inevitably leads to micronutrient defi-
ciencies, as observed in some developing countries,
for example, sub-Saharan African and South Asian
countries, where staple foods are generally not very
varied, such as white glutinous rice in Asia or cereal
variety in Africa, which may constitute up to >50 %
of daily energy content(124). This rule also includes
‘local’ and ‘seasonal’ criteria to be conscious that
eco-friendly, healthy foods produced in one country
and transported into and consumed by another coun-
try may negatively impact environmental factors.

Limitations of the current study

Calculations used in the current study were based on
French standard serving sizes. Therefore, they are not

Fig. 1 Interconnectedness of the 3V rule
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representative of what can be found worldwide, depend-
ing on countries and their traditional habits. On average,
a French standard animal serving size is 95 g, correspond-
ing to around 7·5 % of daily energy requirement for an adult
(Table 1). The converging figure of 15 % daily animal
energy content is therefore only indicative, and allows
for some variability around it.

Otherwise, the simulated 3V-based diet is based on
French culinary uses, questioning its extrapolation to other
culinary traditions. However, the results clearly emphasise
the importance of consuming less of UPF with ‘empty
energy’ and more of nutrient-dense whole-grain breads,
virgin plant oils and various vegetables, legumes and
fruits to adequately address all nutritional needs. Food
diversity (i.e., varied) is certainly the key point of this 3V
rule-based diet.

Themedian 15 %daily UPF energy threshold is based on
six epidemiological studies only, with four cross-sectional
studies being of lower quality compared with longitudinal
ones. Therefore, 15 % is only indicative. However, a
cubic spline analysis in Canhada et al.(94) showed a linear
relationship between UPF energy consumption and
overweight/obesity risk within a range 0·5–30 % energy
content, and the risk begins to increase below 15 %.

Conclusions and perspectives

The ‘3V rule’ diet is a generic diet with three fundamental
dimensions: animal:plant food ratio, degree of processing
and food variety. Inmost of the healthy diets analysed here,
the second rule – ‘Vrai’ (‘real’) – was neglected, probably
because the degree of food processing only received atten-
tion recently. However, such a diet would probably not be
applicable to niche populations represented by more tradi-
tional ethnicities such as Masai, Inuit, Aborigines and other
hunter-gatherers whose diets (generally close to a keto-
Palaeolithic diet) had long beed adapted to their environ-
ment(125,126). It can be noticed that these diets fit with at least
‘Vrai’ and – to a lesser extent – ‘Varié’ dimensions of the 3V
rule, since their environment seems to be less favourable to
developing food crops, while providing wild animals.
Nevertheless, if these particular diets may have been con-
ceived when the worldwide population was under one bil-
lion, they may no longer be sustainable today when
applying such diets to nearly eight billion people by
2030, and probably 9–10 billion by 2050, many of whom
may be living in very large cities. Additionally, the 3V diet
is also compatible with a livestock polyculture system,
implying animal and plant biodiversity and a circular bio-
economy approach to improve the agricultural system.

As discussed previously(1), the 3V rule is sufficiently
generic to be regionalised according to specific climatic,
environmental, traditional and culinary uses worldwide
and, finally, be part of a holistic territorial food plan,

involving several stakeholders from society, science and
politics. Therefore, a generic 3V-based diet is not in
opposition to actual traditional worldwide protective diets.
This generic diet does not intend to substitute regional
diversity due to different agronomic, climatic, cultural, so-
cioeconomic and religious beliefs, but, rather, to serve as
the basic generic rules for improving their sustainability
at horizon 2050 while considering regional specificities
and growing population worldwide. Notably, the animal:
plant energetic ratio and the food diversity may be adapted
to different regions worldwide.

Otherwise, this qualitative diet appears to be easy to
adopt without an extensive knowledge of nutrition. This
diet does not refer to any nutrient while indirectly naturally
offering all nutritional needs, allowing the majority of the
population to appropriate a healthy diet. Difficulties will
probably arise in replacing animal foods with more
whole-grain cereals, legumes, nuts and seeds, while limit-
ing highly palatable UPF. A vigilant point of this diet is to
consume sufficient virgin plant oils and varied foods.

An interesting interventional study could consist to pro-
gressively moving a significant number of individuals con-
suming an omnivorouswestern diet (diet rich in animal and
ultra-processed energy content) to a 3V rule-based diet and
to measure short-term physiological/metabolic parameters
with a follow-up of chronic disease prevalence over several
years. Another perspective would be to use the lever of the
3V-based diet to develop healthy and sustainable regional
diets and to adapt each rule to traditional, climatic, agro-
nomic and socioeconomic specificities through modelling
of three-dimensional abacuses.
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