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Abstract

The future of plant-based diets is a complex public health issue inextrica-
bly linked to planetary health. Shifting the world’s population to consume
nutrient-rich, plant-based diets is among the most impactful strategies to
transition to sustainable food systems to feed 10 billion people by 2050.This
review summarizes how international expert bodies define sustainable diets
and food systems and describes types of sustainable dietary patterns. It also
explores how the type and proportion of plant- versus animal-source foods
and alternative proteins relate to sustainable diets to reduce diet-related
morbidity and mortality. Thereafter, we synthesize evidence for current
challenges and actions needed to achieve plant-based sustainable dietary
patterns using a conceptual framework with principles to promote human
health, ecological health, social equity, and economic prosperity.We recom-
mend strategies for governments, businesses, and civil society to encourage
marketplace choices that lead to plant-rich sustainable diets within healthy,
equitable, and resilient agroecological food systems.
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1. INTRODUCTION

There is a converging call by international advisory bodies for stakeholders to take collaborative
actions across sectors to tackle the interrelated global challenges of food systems. The Interna-
tional Panel on Climate Change (IPCC),UnitedNations (UN) agencies, and several expert Lancet
Commission reports have urged governments to implement comprehensive policies to shift pop-
ulations toward planetary health diets by 2030 and 2050 (68, 69, 129, 137, 148). A food system
transformation is needed to address the global syndemic of undernutrition, obesity, and diet-
related noncommunicable diseases (NCD) and climate change (68, 69, 129, 135, 148). Moreover,
multi-stakeholder collaborations are necessary to create a sustainable food future for people and
the planet (116, 150).

The current food system neither equitably serves the basic healthy food needs for all people
nor safeguards planetary health as the basis for continued prosperity. The UN’s 2022 State of Food
Security and Nutrition in theWorld report documented that more than 3.1 billion people worldwide
experienced hunger or food insecurity in 2021, and about one-third of the world’s population
could not afford healthy nutrient-dense diets to reduce malnutrition in all its forms, including
stunting, wasting, micronutrient deficiencies, obesity, and diet-related NCD (i.e., cardiovascular
disease, type 2 diabetes, and certain cancers) (44). To ensure that ecosystems do not reach a tipping
point that will undermine planetary health (126),UNmember states have endorsed ambitious UN
treaty targets to reduce their contribution to greenhouse gas emissions (GHGE) by 43% by 2030
and to achieve net zero GHGE by 2050 (51, 60, 69).

Achieving these goals will require aligning dietary choices in marketplaces with the principles
underlying human and ecological health, social equity, and economic prosperity. Food systems
governance actors currently lack a shared definition, vision, narrative, principles, priorities, and
governance approaches to promote human and planetary health to create sustainable well-being in
society (14, 59, 65, 67, 111, 116, 127, 150, 151, 153). The UN Food and Agriculture Organization
(FAO) (42) andWorld Economic Forum (WEF) (150) have encouraged member states to develop
and support new business models that are more inclusive and equitable (129).

Plant-based diets are both central and crucial for the transition and transformation of sustain-
able food systems.This review article synthesizes recommendations for future plant-based diets to
align healthy marketplace choices with equitable, resilient, and sustainable food systems. First, we
examine the definitions for sustainable diets and food systems provided by international bodies.
We use a guiding framework with principles underlying sustainability to promote human health,
ecological health, economic prosperity, and social equity. We discuss how sustainable diets may
be achieved through plant-based dietary patterns, suggest that plant-source foods and alternative
proteins (APs) are defining factors of future sustainable healthy diets, explore opportunities and
challenges for producing and scaling up plant-source and AP products, and apply evidence from
food-based dietary guidelines (FBDGs) to guide policies to advance human and planetary health.
Thereafter, we synthesize evidence to justify a population-wide shift toward sustainable plant-
based dietary patterns and discuss current challenges and opportunities for actions. The article
concludes with suggested strategies for governments, businesses, foundations, civil society orga-
nizations, and the public to use marketplace solutions to encourage plant-rich sustainable diets
and food systems by 2050.

2. DEFINING THE FIELD AND IDENTIFYING CHALLENGES

2.1. Sustainable Diets and Food Systems

Sustainable diets and food systems have evolved over the past decade.Figure 1 and Supplemental
Table 1 present detailed descriptions of the actions and reports issued by UN agencies
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Figure 1

UN and international expert advisory bodies’ actions to support sustainable diets and food systems, 2012–2022. Abbreviations: FAO,
Food and Agriculture Organization; HLPE, High Level Panel of Experts; ICN2, Second International Congress on Nutrition; IUNS,
International Union of Nutritional Sciences; SDGs; Sustainable Development Goals; UN, United Nations; WHO,World Health
Organization. Data from References 4, 18, 19, 45, 65, 99, 136, 138, 140, 141, 143, 148. Supplemental Table 1 provides a detailed
description of international advisory bodies’ definitions for sustainable diets and food systems, 2012–2022.

and bodies [i.e., FAO, UN Food Systems Summit Scientific Group, UN General Assembly, UN
Standing Committee on Nutrition, UN Nutrition, and the World Health Organization (WHO)]
and other international expert advisory bodies (i.e.,High Level Panel of Experts of the Committee
onWorld Food Security, EAT-LancetCommission, and the International Union of Nutrition Sci-
ences Sustainable Diets Task Force) to advance the concepts of sustainable diets and food systems
(from 2010 to 2022) (4, 18, 19, 24, 26, 45, 61, 65, 70, 85, 138, 141, 143). This multistage, decade-
long process was intentionally connected to theUNSustainableDevelopmentGoals (SDGs) 2030
agenda (138).

2.2. Guiding Framework: Principles Within Four Domains of Sustainable Diets

We used a conceptual framework with four domains of sustainable diets to structure this arti-
cle. We examined the evidence for plant-based diets and the food system actors needed to align
these domains, balance trade-offs, address conflicts, and engage in collaborative and democratic
processes to support sustainable diets and food systems in the future.

Figure 2 provides a framework with principles across four domains (81) adapted from several
conceptual frameworks (1, 22, 32, 35, 40, 45, 57, 61, 71, 72, 92). This framework includes different
disciplinary views about the weaknesses of current food systems and priorities for action, which
include (a) the agricultural view, to address the yield gap to promote food security; (b) the diet
and health view, to address the nutrient gap for diet quality; (c) the environmental view, to reduce
the food system’s footprint; and (d) the social justice view, to decentralize power and promote
grassroots autonomy (14).

This framework mirrors the Just Rural Transition’s principles for the food system transition
to benefit people, ecosystems, and the planet (72). The principles aim to ensure that all people’s
nutritional needs are met (human health and economic prosperity), to operate within planetary
boundaries (healthy ecosystems), to ensure climate resilience and avoid environmental degrada-
tion (ecological health), to provide viable livelihoods (economic prosperity), to protect the rights
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Figure 2

Principles for sustainable diets and food systems across four domains to advance human and planetary health by 2050. Figure adapted
with permission from Reference 81.

of people and animal welfare (social equity), and to address power inequities in food value chains
(social equity and economic prosperity) (72).

2.3. Dietary Patterns that Reduce Animal-Source Foods to Support
Sustainable Diets

A broad range of dietary patterns may support sustainable diets, and all of these recommend
reducing animal-sourced proteins (i.e., meat, dairy, and fish) and consuming more plant-rich
foods including vegetables, fruits, beans, legumes, pulses, grains, nuts, and seeds. High-protein
dietary patterns (i.e., ketogenic and paleo) are typically not included among sustainable dietary
patterns because evidence shows that these are less environmentally sustainable compared with
the other patterns (8).

The FAO and WHO define dietary patterns as the “amounts, proportions, variety or combi-
nation of various foods, drinks and nutrients in diets, and the frequency that these are habitually
consumed” (45). Supplemental Table 2 and the section below define sustainable dietary pat-
terns that include planetary health, flexitarian, Mediterranean, New Nordic, healthy omnivore,
plant-based, plant-forward, plant-rich, pescatarian, vegan, and vegetarian.

Figure 3 shows the expert-recommended planetary health or plant-rich diet plate and the
daily and/or weekly servings for animal-source proteins. Expert bodies have recommended that
individuals limit or avoid processed meats and limit the consumption of lean red meat to about
one to three times weekly to support a sustainable healthy diet (39, 82, 148, 149).

The EAT-Lancet 2019 Commission suggested that a planetary health diet should consist of
high-quality plant-based foods and small amounts of animal-based foods and should limit un-
healthy ingredients and highly processed foods (26, 39, 148). A healthy version of the omnivore
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UPFs:
ultra-processed foods

NOVA:
new (in Portuguese)

1/4

3/4

Eat a planetary health diet
The planetary health diet consists of eating minimally
processed, nutrient-rich plant foods daily.

Fill 1/2 of your plate with fruits and vegetables for each meal. 
Choose small amounts of starchy vegetables (i.e., potatoes).

Fill 1/2 of your plate with mostly whole grains and plant 
source proteins (i.e., beans, legumes, and nuts) for each meal.

Fill 3/4 of your plate with whole grains, vegetables, fruits 
and pulses, or legumes (i.e.,  beans and lentils) for each meal.

Fill 1/4 of your plate with either plant-rich or animal-source 
proteins for each meal.

Eat a plant-rich diet
The plant-rich diet consists of eating minimally processed
whole grains, vegetables, fruits and pulses, or legumes daily.

Limit or eat no processed meats** weekly
**Processed meats have been altered or preserved by smoking, drying, curing, salting, 

and/or adding chemical preservatives. Processed meats include bacon, bologna, chorizo, 
deli-luncheon meats, ham, hot dogs, pastrami, pepperoni, salami, and sausage.

Limit red meat and other animal-source proteins to the following amounts

Global expert recommendations for red and processed meat to support a healthy and sustainable diet

One serving of dairy (i.e., milk or yogurt) daily

Two servings of cooked seafood, poultry, or eggs
(110–170 g or 4–6 oz/serving) weekly

One serving to no more than three servings of cooked lean red meat*
(110–170 g or 4–6 oz/serving) weekly

*Red meats include beef, veal, pork, lamb, mutton, horse, and goat.

Figure 3

Global expert recommendations for animal-source proteins to support a sustainable healthy diet. Figure adapted with permission from
Reference 82.

dietary pattern is also called a plant-forward, omnivorous whole-foods dietary pattern (103). Flexi-
tarian, plant-rich, plant-based dietary patterns have been defined to align with the planetary health
or plant-based diet (31, 47, 66, 75, 127, 151) with different degrees of a vegetarian or vegan pattern
(47, 75). The Mediterranean and New Nordic dietary patterns address the health, environmental
sustainability, and sociocultural domains by encouraging regional foods and eating traditions (32,
55, 84, 90, 104).

Supplemental Table 1 shows several dietary patterns that describe the type or degree of food
processing and suggests that people substantially reduce or avoid eating highly processed foods
and sugary beverages. Ultra-processed foods (UPFs) are defined as “formulations of ingredients,
mostly of exclusive industrial use, that result from industrial processes” (98, p. 937). The NOVA
food classification system categorizes foods and food products into four distinct categories based
on the extent and purpose of processing, which includes minimally processed foods (NOVA 1)
such as plant-based whole foods, culinary ingredients (NOVA 2), nutrient-dense processed prod-
ucts (NOVA 3), and UPF products (NOVA 4) (13, 98). UPFs refer to the processing of industrial
ingredients derived from foods and include additives such as preservatives, sweeteners, and flavor-
ing that make foods hyperpalatable but contain little or no whole foods (98). Growing evidence
suggests that red and processed meats and sugary beverages are strongly linked to adverse health,
environmental, and ecological outcomes (87, 98, 131).

2.4. Regional Differences in the Shift Toward Sustainable Diets

Substantial differences exist between the Global South and Global North regions related to
the supply and demand for recommended diet and food system changes (116). Policy makers in
high- and middle-income countries must incentivize plant-rich and nutrient-dense sustainable
diets. Nutrient density refers to the relative amount of nutrients per calorie and is determined by
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nutrient profiling methods. Strategies are needed to substantially reduce the dietary intake of red
and processed meats by 50% of current intakes, replace other animal-source proteins (i.e., meat,
poultry, fish and seafood, eggs, and dairy) with plant-rich proteins, and significantly increase min-
imally processed whole foods (i.e., nuts, seeds, vegetables, fruits, beans, pulses, and legumes) (148).
Vegan diets have special provisions to ensure nutrient adequacy and dietary diversity (47, 75).

Governments in African, Asian, Caribbean, and Latin American countries must expand the
availability and access to high-quality, bioavailable, animal-source foods to meet the nutritional
needs of infants, young children, and women of childbearing age, who experience micronutrient
malnutrition (i.e., iodide, iron, and vitamin A) and stunting (10, 11). No country has halted or re-
versed overweight and obesity rates linked to diet-related NCD (129). A transition to a flexitarian
plant-based diet may not reduce the risk of unhealthy weight gain unless healthy portion sizes are
incentivized and the potential consequences of dietary inadequacy or unhealthy weight gain are
addressed (83, 88). Governments must also translate planetary health diet recommendations to
the specific nutritional needs, sociocultural and economic factors, and environmental contexts for
diverse populations (10, 11).

2.5. The Extent to Which FBDGs Address Sustainability Principles

National FBDGs are science-based messages that advise individuals and populations about foods,
food groups, and dietary patterns aligned with healthy eating to prevent all forms of malnutrition
and keep people well-nourished and healthy. FBDGs establish a basis for developing food and
nutrition, health, and agricultural policies and nutrition education programs.

The FAO reports that more than 100 countries have developed FBDGs for populations (82).
Yet FBDGs in countries worldwide are not yet incorporating all the dimensions and principles of
sustainable diets recommended by international bodies. Studies of FBDGs have found that most
countries do not explicitly recommend that individuals reduce beef and dairy consumption, even
though it would align with expert-recommended targets (82).

FBDGs do not routinely encourage minimally processed, plant-based foods or dietary pat-
terns recommended by the EAT-Lancet Commission report (125). A study of the FBDGs for
83 countries found that these were incompatible with recommended targets to promote human
and planetary health (125).A separate study that analyzed 95 FBDGs across 100 countries reported
that 40% (n = 38) of FBDGs had a position on vegetarian diets, and 45% of FBDGs mentioned
plant-based alternatives to animal-source meat or dairy (78).

Assessments of the health and environmental sustainability dimensions addressed by FBDGs
vary depending on the study design, indicators, and outcomes used to measure foods and vari-
ous dietary patterns (including life cycle analyses); carbon, water, and land footprints of foods and
patterns; impacts on biodiversity; diet quality, affordability, and equity; and degree of food pro-
cessing (12, 20, 27, 59, 77, 79, 89, 115, 118, 145). No country has comprehensively addressed how
traditional and novel plant-based and hybrid or blended ingredients align with national dietary
guidelines to support sustainable diets and food systems.

2.6. Typology of Alternative Protein Sources

APs are any protein-rich ingredients derived from plants, algae, fungi, insects, or animal cells
that are used to replace conventional livestock products, such as beef, pork, poultry, fish, seafood,
eggs, and dairy (13). Sustainable dietary patterns entail reducing animal-sourced proteins and
shifting to a diversity of AP ingredients and products to mitigate the adverse ecological impacts
of current food systems, reduce zoonotic diseases, and feed more people with fewer resources
(51, 52, 54).

258 Kraak • Aschemann-Witzel



PU45_Art14_Kraak ARjats.cls March 18, 2024 11:41

Edible insects:
insect powder

Arthropods

Animal-
source
protein

Hybrid
protein

alternatives

Nonanimal-
source
protein

Alternative protein

Unprocessed or minimally processed

Processed or ultra-processed

Animal
cells

Aquatic
animal
protein

Land
animal
protein

Plant- and
animal-based
nuggets

Fungal
protein
sources

Plant
protein
sources

Mushrooms,
yeast

Fermented
foods: tofu,
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Animal-source protein

Nonanimal-source protein
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Figure 4

A typology of plant-, animal-, and hybrid-source proteins to encourage plant-based products that support
sustainable diets. Figure adapted from Reference 13 (https://doi.org/10.1016/j.cdnut.2023.102014)
(CC BY 4.0).

Figure 4 shows a typology of plant-, animal-, and hybrid-source proteins used in AP in-
gredients and products (13). Examples of APs include insect-based foods and cultivated meat,
chicken, fish, and seafood (also called lab-produced or cellular agriculture); in addition, hybrid
products that combine AP sources may be animal- or plant-based, fermented, and/or cultivated.
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Nonanimal-sourced proteins are from plant sources (i.e., beans, grains, and legumes), fungal or
mycoprotein sources (i.e., mushrooms and yeast), and microorganisms (i.e., seaweed and marine
algae) (13). Blue foods are derived from aquaculture, including aquatic animals, plants, or algae
caught or cultivated in the ocean or in fresh water (13).

2.7. Debate about the Healthfulness of AP Processing

A current challenge for AP products is the degree to which they provide nutrient-rich sources of
foods and how the processing of AP ingredients impacts human and ecological health outcomes.
Studies published between 2021 and 2023 for different countries and regions (28, 56), including
Africa (49), the Americas (34, 58), Australia (17, 94), and Europe (108, 114), have shown that the
nutritional profiles and types of AP food and beverage products vary substantially both within
product categories and across countries.

The NOVA food classification system considers a large proportion of the current plant-based
ingredients and products in the marketplace to be UPFs, which would not be recommended for a
healthy diet (80). For this reason, some studies suggest that vegetarians and vegans consume more
UPFs than do omnivores (76). Assessing the state of evidence of the effect of plant-based diets
is complicated because intervention research is often not transparent about participants’ dietary
patterns (127). Studies tend to categorize all types of APmeat, poultry, and dairy substitutes asUPF
products, even though the ingredients and type, and degree of processing may differ substantially
(76). There is a vigorous debate among researchers and practitioners about how plant-based AP
food and beverage products should be classified (34, 36, 57, 82, 87).

2.8. Current AP Market Demand and Supply Across Regions

The market for AP ingredients and products is characterized by a large investment in research
and development with the aim to increase market share and consumer interest. The expansion of
AP plant-based, hybrid, and/or cultivated proteins differs within and across national, regional, and
global marketplaces. The global 2022 retail sales for plant-based meats, seafood, milk, and dairy
were estimated at US$28 billion (53). The global cell-cultured or cultivated meat market could
reach US$425 billion by 2030 (16).

Consumer demand for sustainable diets and AP products (6, 74) is growing in the Asian
Pacific, Australasian, Western European, and North American regions compared with Latin
America,Middle East, Africa, and Eastern Europe.However, AP product consumption represents
a small percentage of the trillion-dollar global market of traditional animal-source proteins (53).
Businesses are developing new hybrid protein products, such as burger or turkey patties blended
with seasoned vegetables, meat made from algae (i.e., spirulina), and nondairy proteins made
by precision fermentation that uses genetically modified organisms to produce specific enzymes
inserted into microorganisms to produce products that mimic the taste and texture of fluid milk
without lactose (9, 53, 121, 130).

3. CHALLENGES ACROSS THE FOUR KEY DOMAINS
FOR PLANT-BASED DIETS

3.1. Human Health

The future of plant-based diets is a major, complex public health issue for society that is inextri-
cably linked to planetary health and elevates public health to a new priority level to sustain both
human and planetary health. The type and proportion of plant- versus animal-source foods relate
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to the burden on the planet and to reducing diet-related morbidity and mortality of populations
globally.

A modeling study of 85 countries found that if populations were to adopt the EAT-Lancet
planetary health diet in national FBDGs, premature population-based mortality could be reduced
by 15% (125). Systematic evidence reviews that examined observational and intervention studies of
the nutrient adequacy and dietary intake of adults consuming primarily flexitarian, vegetarian, or
vegan dietary patterns compared with omnivores who consume meat found that diverse nutrient-
rich, plant-based dietary patterns that are lower in total protein, but within the recommended
levels of 3 portions of 350–500 g weekly of cooked red meat, will reduce population risk of cancer
and cardiovascular disease (30, 39, 149).

Healthy plant-rich dietary patterns contain high amounts of vitamins, minerals, phytochemi-
cals, antioxidants, and dietary fiber associated with better diet quality and healthy weight, and they
also reduce the risks of insulin resistance, type 2 diabetes, dyslipidemia, and metabolic syndrome
for individuals and populations (73, 91, 100, 133). Observational studies show that healthy plant-
based dietary patterns (i.e., vegan, lacto-vegetarian, lacto-ovo-vegetarian) and healthy flexitarian
dietary patterns (i.e., Mediterranean, pescatarian, and planetary health) foster a healthy weight
and metabolism compared with dietary patterns with excessive calories, red and processed meats,
saturated and trans fats, added sugars, refined starches, and sodium, which have been associated
with diet-related NCD (31, 88, 93, 133).

The nutritional quality of plant-based dietary patterns will vary based on the source, formu-
lation, proportion, nutrient density, quantity, and quality of proteins (91, 100, 115). Many issues
must be resolved. Further research is needed to develop a universally accepted method to catego-
rize healthy processed versus UPF products (131). Evidence is lacking for whether the nutrients
from cultivated meat and hybrid meat and plant products are bioavailable and will promote a
healthy human microbiome (97, 105).

To ensure that plant-based diets support human health, future product portfolios supported
by business development efforts must increase beneficial nutrients (i.e., calcium, iron, and fiber)
while reducing nutrients of concern (i.e., calories, fat, and sodium) without compromising taste
to encourage consumer acceptance (2, 134). Health care and public health professionals should
recommend plant-based diets across the life course for a healthy life span that ensures a high
quality of and length of life (29).

3.2. Ecological Health

The production of red and processed meat and fluid milk from beef and dairy cattle by mod-
ern, large-scale industrialized and consolidated food systems in selected high- and middle-income
countries has a large environmental, climate, and carbon footprint (82). The current agri-food
sector contributes between 25% and 33% of GHGE (46, 106, 129, 148). The production of
animal-based products uses 75–83% (46, 109) of the world’s farmlands and 35% of crops as an-
imal feed (46) but provides only 37% of protein and 18% of calories for human consumption
(109). The GHGE of livestock production differ by meat source but are about 11.2% (43). Most
animal-source foods are resource intensive, associated with more biodiversity loss, and produce
higher GHGE compared with plant-based food production (27).

An impactful action to promote ecological health and food systems resilience under a changing
climate is to shift the world’s population to more sustainable plant-based dietary patterns (69, 109,
110, 123, 148). A study of seven countries found that Australia, France, Germany, and the United
States could reduce their agricultural GHGE by two-thirds by reducing red meat consumption
(128). Reducing other animal-source foods, increasing the consumption of local and regional
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organically grown foods, and adopting plant-based dietary patterns could reduce GHGE by eight
billion tons annually by 2050 (66).

Research has often focused on climate change and GHGE indicators. However, food systems
must also preserve biodiversity (i.e., plants, animals, and microorganisms used in agroecological
food systems) (139) and promote nutrient balance to encourage ecological health principles that
prioritize resilience and regenerative agricultural practices (60, 67). Robust evidence shows that
the Mediterranean dietary pattern supports human health and also promotes ecological health
(55, 90). Apart from the plant-based diet transition, minimizing food loss and food waste must
also be addressed to mitigate climate change effects (152).

The impact of sustainable diets on ecological health depends on both the quality and quantity
of dietary protein to optimize diet quality and reduce GHGE and other ecosystem indicators
worldwide (62). Research has documented that plant-based dietary patterns have lower GHGE,
land use, and biodiversity loss compared with omnivorous dietary patterns; however, the impact
on water and energy use will depend on the specific animal- and plant-based foods consumed (21).
Evidence is lacking for whether new innovations such as cultivated meat can be produced at scale
within an agroecological food system (97, 105).

A major challenge for plant-based diets to achieve ecological health is that it is so far only
a niche market (144). While there are differences across countries, about 10–30% of European
consumers select and eat plant-based diets and use sustainable products based on different val-
ues that support concerns about health, the environment, or the planet (119), while close to 25%
of consumers globally express an intention to reduce meat consumption (113). Global surveys
have shown that consumers in countries worldwide are slow to adopt plant-based diets, especially
vegetarian and vegan. Mintel, a global market research firm that tracks consumer trends, con-
ducted a 2023 survey that reported an omnivorous dietary pattern for most respondents (51%),
and only a smaller proportion reported adopting flexitarian (13%), vegetarian (3%), pescatarian
(2%), or vegan (1%) patterns (96). Although consumers are concerned about the environment,
animal welfare, and the climate crisis, many have not yet changed their dietary choices (95, 96,
113).

The observed gap between peoples’ environmental concerns compared with their actual be-
haviors is partly attributed to the choice architecture andmarketing trends for food environments.
Information and motivation are necessary but insufficient to encourage behavior changes unless
other factors are considered, including physical barriers (availability); economic incentives and
disincentives (cost); social norms and eating habits; and time, convenience, or appeal and taste
(5, 132). Younger generations are more receptive to reducing the amount and frequency of meat
intake (95) and to substituting red and processed meats with plant-based AP products or adopting
a flexitarian dietary pattern (38, 96).

3.3. Social Equity

Several challenges must be addressed to achieve an equitable food system transition and trans-
formation. Equity, social justice, child and agricultural labor, gender equity, animal welfare,
and inclusivity are important issues addressed within the social equity domain (146). A scoping
review of the published literature examined the metrics used to assess the four domains of
sustainable diets. The review found that the social dimension of the diet-environment-health
sustainability relationship is neither well defined nor well researched and is often limited to
socioeconomic metrics when reported (146). Existing frameworks that have examined equity have
proposed selected variables that combine equity and economic prosperity principles. For example,
Gustafson et al. (57) described such variables, including the ethical sourcing of ingredients for
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manufacturing products, respecting child labor laws, providing a livable income to workers, and
communicating product attributes and benefits clearly through truthful marketing and labeling
to consumers.

Addressing the traditions and social norms aligned with red and processed meat intake in many
high- and middle-income countries is a complex challenge. The demand for animal-source foods
(i.e., beef, poultry, eggs, and seafood) differs by country and region, but the global production and
demand for ruminant meat (i.e., beef ) are expected to increase by 2050 (116).

The published literature suggests that the population demand for red meat will increase in
many low- and middle-income countries and regions (i.e., Latin America,West and North Africa,
and Eastern Asia) because meat represents a higher status associated with economic affluence that
consumers aspire to achieve (33). Reversing this trend is not aligned with consumers’ desires. In
all countries where high meat consumption is the cultural and social norm, changing it may be
perceived by consumers as abandoning their cultural customs and traditions (102). Even followers
of plant-based diets report this viewpoint as a substantial barrier (119). Consumer acceptance of
AP products and new food technologies is another barrier given thatmany consumers favor natural
and familiar ingredients and products, and food technophobia differs for various AP products and
technologies (i.e., cultivated meat and precision fermentation) (5, 9).

From an equity perspective, the challenge is that each AP ingredient or technology has a
segment of consumers who do not accept it, and these groups vary for each ingredient and technol-
ogy. Any power difference of influence among diverse consumer segments can unequally impact
whether and how much the food system changes toward their preference, and only a diversity of
product and dietary options can address preferential differences.

Banovic & Grunert (9) show that women are more likely than men to adopt plant-rich diets,
reduce consumption of red and processed meats, and select plant-based AP products, whereas
Aschemann-Witzel et al. (5) report that men are more likely than women to support new tech-
nologies and novel AP ingredients (e.g., cultured meats and insects). In addition, fewer women
are food entrepreneurs, and their backgrounds are not as diverse as the consumers for whom they
innovate and develop products. Social equity principles are needed to align gender, racial, and/or
ethnic diversity for food system decision-makers to enable an equitable and diverse transition to
future plant-based diets (5).

An understanding of how food systems impact sustainable diets, including social equity, is
needed to inform policies and actions (146). The EAT-Lancet 2.0 Commission’s 2024 report will
focus on how governments may achieve food justice and social equity goals for future food sys-
tems and discuss how countries may adapt the planetary health diet to regional and local dietary
patterns (39, 148). For example, the Mediterranean pattern has been shown to promote human
and ecological health, diverse eating cultures, and local economic vitality (32, 55, 84, 90), which
may be adapted for other contexts.

3.4. Economic Prosperity

Economic prosperity is needed for both consumers and businesses to achieve future sustainable di-
ets. The balance is to ensure that plant-based products are affordable for consumers and profitable
for businesses to support the transition toward a more sustainable, healthy, equitable, and pros-
perous food system by 2050. The marketplace issues are strongly influenced by food availability,
affordability, and consumers’ choices that affect the food supply.

Many studies have emphasized cost as a significant barrier for low-income populations
to afford sustainable healthy AP products that support sustainable dietary patterns (35, 41,
64). While a dietary shift away from the excessive consumption of animal-source foods could
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substantially reduce hidden costs or externalities of unsustainable diets (43), the planetary health
diet has been critiqued as not being affordable for many people worldwide (64). A global study
of dietary patterns found that adopting the EAT-Lancet planetary health diet would require
higher household incomes, lower food commodity prices, and government safety-net program
assistance (64).

A modeling study of the global and regional costs of sustainable healthy dietary patterns
found that these were one-fifth to one-third lower in cost (22–34%) for people in upper-middle-
income to high-income countries and 18–29%more expensive for people in low-income countries
(124). Vegetarian and vegan dietary patterns were more affordable, but pescatarian diets, which
include fish and seafood, were more expensive (124). Many governments and businesses are in-
vesting in cultivated meat research and production as one of many strategies to address concurrent
sustainability challenges (118). Yet evidence is lacking for whether the bioreactors needed to pro-
duce cultivated meats can be scaled up to ensure healthy affordable AP products for consumers
(97, 105).

A current barrier to transitioning to a profitable plant-based market is the slow rate of sys-
tems change and problems related to the early innovation stages that manifest as legal barriers,
inability to reach economies of scale, and the slow uptake of AP products in traditional retail
settings. The sociotechnical “regime,” as it is called in transitions literature, is slow and inert to
change because of institutionalized preferences for the current technology, policies, and practices
(37, 135). Novel AP products are hampered by different safety and health policies of govern-
ment regulatory agencies in countries and regions prior to entering the marketplaces worldwide
(52, 86).

Another challenge is the higher profit margins for products that require processing and al-
low differentiation and branding, which is a disadvantage for healthier and more environmentally
sustainable products such as marketing for legumes and pulses (142). Economies of scale and ex-
ternalization of the cost of environmental damage have favored centralization and globalization
over diversity and resource efficiency over more ecologically resilient, agroecological practices
(33).

A commonly perceived trade-off is that sustainability conflicts with economic development or
prosperity (14). Business management research and economic literature as well as private-sector
organizations are exploring strategies to resolve the trade-off, such as using doughnut economics
and a steady-state economy on themacro level, as well as pursuing a business case for sustainability
and circular and sustainable business models at the micro level (112, 147). There is a shift in the
economist Milton Friedman’s view of “business as the business of business” to the position that
companies have a social responsibility to all stakeholders including to protect the planet (147).
Momentum is growing among diverse private-sector constituencies to move beyond business as
usual to use environmental, social, and governance metrics to transition to sustainable healthy
diets and agroecological food systems.

For the future development of a profitable plant-based diet market, there must be active
public- and private-sector investment into the research and development of new technologies
(63); removal of legal barriers (86); a shift in professional mindsets, practices, and business mod-
els (37); and the application of policies that will change macroenvironmental factors (61). For
example, retailers, restaurants, and food service providers can combine choice-architecture and
marketing-mix strategies synergistically to nudge people to select plant-rich, sustainable diets or
planetary health diets as the default and desirable choice (15, 107). Choice-architecture and nudge
strategies may change food environments to be healthy and environmentally and socially sustain-
able, but also must align with business strategies and economic incentives to be economically
sustainable.
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3.5. Transitioning and Transforming Diets and Food Systems by 2030 and 2050

Food systems transition involves “incrementalism and reform that suggests moving from one place
or state to another,” whereas transformation refers to a reinvention or reshaping that leads to a
“deep, rapid and radical global systems change” (23, p. 787). Plant-based foods and beverages are
important components for a population’s transition to sustainable diets and food systems. Policy
makers must work with businesses, civil society, and other actors to ensure an equitable tran-
sition to sustainable diets that promote dietary diversity and societal well-being, especially for
socially marginalized populations (120). Table 1 presents opportunities, challenges, and actions
that food systems governance actors may take to promote plant-based sustainable diets by 2030
and anticipated impacts by 2050.

With regard to plant-based diets and human health, we suggest that it is essential for gov-
ernments and expert bodies to clarify the role of AP products in national dietary guidelines to
incentivize a shift to more nutritious and healthier versions of these products both among the pub-
lic and among businesses.With regard to plant-based diets and the ecological health of the planet,
we suggest that improving the affordability and availability of plant-based products and meals to
populations worldwide is a crucial collaborative-sector task to achieve a broad uptake of more
environmentally friendly and climate-smart diets to protect ecosystems and promote planetary
health.

For plant-based diets to address social equity, more efforts are needed to invest in adapting
and diversifying products, services, and diet types to different cultures and consumer segments to
enhance the appeal and social normalization of plant-based diets. To accelerate business invest-
ment and innovative actions toward plant-based diets, economic prosperity principles and goals
must be better aligned through supportive policies and a greater investment in diverse innovations
undertaken by both public and private actors and taken to scale.

As overarching issues, systems and resilience thinking applied to ensure policy coherence across
sectors and disciplines will help to align disconnected goals.This approach will ensure that diverse
and interdisciplinary solutions are promoted, ranging from technological to societal approaches.
Applying systems thinking across domains will contribute to strategic policies and coordinated
actions, which are needed to address several barriers, including convenience, social norms,
and preferences that reinforce the overconsumption of meat, especially red and processed meats
and UPF products (50). Such holistic thinking that entails greater awareness of trade-offs and
feedback mechanisms can help to reach societal tipping points that accelerate the transformation
to plant-based diets (7) and improve availability and affordability.

Moreover, print, broadcast, and digital media should consider better coverage of reports about
dietary changes by framing the reduction of red and processed meat and food loss and waste
as important climate-mitigation strategies to transition populations toward sustainable diets and
equitable, resilient, and healthy food systems rather than framing the issues as a polarized debate
or as personal choices (25, 48, 117). Such communication increases awareness on a broad scale
and supports a change in social norms toward sustainable healthy eating (102), which can trigger
societal tipping points (7).

There are many examples of innovations and collaborative actions in countries worldwide
that promote plant-based diets to support the transition to sustainable diets and food systems.
Supplemental Figure 1 and Supplemental Table 3 provide examples of policy innovations for
plant-based diets throughout the food system in different countries and regions. National and
municipal governments have made ambitious plant-based diet commitments aligned with the UN
SDG 2030 timeline to support ecological health goals and also influence the actions taken by gov-
ernments and businesses in other countries. In 2023, the Dutch government presented a plan to
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Table 1 Opportunities, challenges, and actions to promote plant-based sustainable diets by 2030 and anticipated
impact by 2050

Sustainable
diet domain Current situation

Opportunities and
challenges Actions by 2030

Anticipated impact by
2050

Human health Diets and food systems lack
essential nutrients and
have excessive amounts
of calories, fats, added
sugars, and sodium that
contribute to
malnutrition in all forms
from undernutrition to
obesity and
noncommunicable
diseases.

Many current
plant-based AP
products have
nutritional
shortcomings to meet
recommended
dietary patterns.

Nutritional guidelines
must clarify the role
of highly processed
plant-based and
hybrid AP ingredients
and products to
ensure optimal
nutritional health.

Policies and incentives
will be implemented
to develop and market
healthy plant-based
AP products at all
processing levels and
to improve the
healthiness of AP
products in the
marketplace.

Ecological
health

Diets and food systems that
are high in animal-based
products and food waste
are a major cause of
climate change and
biodiversity loss.

Current plant-based AP
trends remain a niche
market and do not
have a substantial
impact to shift
dietary patterns to
reduce the food
systems’
environmental and
ecological footprints.

Large-scale consumer
behavior changes will
involve collaborative
actions among diverse
actors to improve
environmental and
ecological outcomes.

Plant-based diets will be
adopted by the
broader society, and
the average meat and
dairy consumption
will align with the
recommended targets
in food-based dietary
guidelines.

Social equity Decision-making power for
food systems is unequally
distributed and citizens
are not adequately
engaged and involved.

Sociocultural
differences and social
norms represent a
barrier for dietary
changes that expand
plant-based AP
products.

Healthy and sustainable
plant-based AP
ingredients and
products must be
tailored to diverse
cultural preferences
and appeal to different
consumer segments.

Businesses will improve
the taste and appeal of
plant-based products
and diets to different
consumer segments
and cultures, increase
the diversity of
products, and socially
normalize plant-rich
diets.

Economic
prosperity

Value creation is
disproportionately in the
processing, technology,
and products and less in
achieving sustainable
healthy diet outcomes.

Current agri-food
system policies favor
the industrialized
animal-based sector
that is resistant to
change.

Change and diversify
economic system to
ensure that profit is
made in food
categories that are
healthy and
sustainable and to
favor diverse resilient
solutions.

Reduce the trade-offs
for business
decision-makers and
accelerate investments
and development
efforts to achieve
products and services
that support healthy
and sustainable diets
and lifestyles.

Cross-cutting
issues

There is a disconnect and
lack of shared
governance among
human health,
environmental/
ecological, economic,
and social equity policy
goals for current
agri-food systems at
local, national, regional,
and global levels.

Responsibilities
between different
policy areas are
divided and actions
remain siloed within
disciplines.

Systems and resilience
thinking needs to
underpin alignment of
policies: A sustainable
food system needs
policies that support a
combination of social
and technological
innovations, and a
diversity of AP
solutions.

Policies support a
diverse solution space
ranging from societal
to technological
approaches and that
considers all
sustainability
dimensions, and the
market consists of
diverse products,
services, and dietary
patterns.

Abbreviation: AP, alternative protein.
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double legume consumption in their population by 2030 (122). Supplemental Figure 2 shows
the 16 cities in Asia, Europe, and the Americas where the elected mayors have signed the C40
Good Food Cities Declaration for climate actions by 2030 by shifting citizens’ food consumption
habits (3, 101).

4. CONCLUSION

Shifting the world’s population to consume nutrient-dense, plant-based diets with less red meat
will enable the transition to sustainable food systems under a changing climate and feed 10 billion
people by 2050. Plant-based diets are both central and crucial in discussing the transition and
transformation of future sustainable food systems. Sustainable dietary patterns entail reducing
animal-sourced proteins and shifting to a diversity of AP sources to mitigate the adverse ecological
impacts of current food systems, reduce zoonotic diseases, and feed more people efficiently with
fewer resources.

Achieving sustainable diets and food systems will require balancing principles across four do-
mains for human health, ecological health, economic prosperity, and social equity. Food-based
dietary guidelines in countries worldwide are not yet incorporating all the dimensions and prin-
ciples of sustainable diets as recommended by international bodies. The degree to which AP
products provide nutrient density and how AP ingredient processing impacts human and eco-
logical health outcomes are current challenges. No country has comprehensively addressed how
traditional and novel plant-based ingredients may support sustainable diets and food systems.

Evidence shows that plant-based diets can support human health. However, the nutritional
quality of plant-based dietary patterns will vary based on the sources, formulation, proportion,
nutrient density, quantity, and quality of proteins. Future product portfolios supported by busi-
nesses must increase beneficial nutrients (i.e., calcium, iron, and fiber) while reducing nutrients
of concern (i.e., calories, fat, and sodium) without compromising taste to encourage consumer
acceptance and enable widespread affordability.

A collaborative effort among food systems governance actorsmust ensure that plant-based diets
move from a niche market to mainstreammarketplaces to reduce pressures on ecosystems and the
planet. This mainstreaming is characterized by diversity to ensure appeal to consumer segments,
regional adaptation, and food system resilience. Many innovative and collaborative actions are
growing globally to promote plant-based diets. Policy makers must work with businesses, civil
society, and other actors to ensure an equitable transition of marketplace choices that encourage
plant-rich sustainable diets within healthy, equitable, and resilient agroecological food systems by
2050.
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84. Krznarić Ž, Karas I, Ljubas Kelečić D, Vranešić Bender D. 2021. TheMediterranean and Nordic Diet: a
review of differences and similarities of two sustainable, health-promoting dietary patterns. Front. Nutr.
8:683678

85. Kumanyika S, Afshin A, Arimond M, Lawrence M, McNaughton SA, Nishida C. 2020. Approaches to
defining healthy diets: a background paper for the International Expert Consultation on Sustainable
Healthy Diets. Food Nutr. Bull. 41(2_suppl):7S–30S

86. Lähteenmäki-Uutela A, Rahikainen M, Lonkila A, Yang B. 2021. Alternative proteins and EU food law.
Food Control 130:108336

87. Lawrence M. 2023. Ultra-processed foods: a fit-for-purpose concept for nutrition policy activities to
tackle unhealthy and unsustainable diets. Public Health Nutr. 26:1384–88

88. Magkos F, Tetens I, Bügel SG, Felby C, Schacht SR, et al. 2020. A perspective on the transition to plant-
based diets: a diet change may attenuate climate change, but can it also attenuate obesity and chronic
disease risk? Adv. Nutr. 11(1):1–9

89. Marchese LE, McNaughton SA, Hendrie GA, Wingrove K, Dickinson KM, Livingstone KM. 2023.
A scoping review of approaches used to develop plant-based diet quality indices. Curr. Dev. Nutr.
7(4):100061

90. Mattas K, Raptou E, Alayidi A, Yener G, Baourakis G. 2023. Assessing the interlinkage between
biodiversity and diet through the Mediterranean diet case. Adv. Nutr. 14(3):570–82

91. McGrath L, Fernandez M-L. 2022. Plant-based diets and metabolic syndrome: evaluating the influence
of diet quality. J. Agric. Food Res. 9:100322

92. McGreevy SR, Rupprecht CDD,Niles D,Wiek A, Carolan M, et al. 2022. Sustainable agrifood systems
for a post-growth world.Nat. Sustain. 5:1011–17

93. Medawar E, Huhn S, Villringer A,Witte AV. 2019. The effects of plant-based diets on the body and the
brain: a systematic review. Transl. Psychiatry 9(1):226

94. Melville H, Shahid M, Gaines A, McKenzie BL, Alessandrini R, et al. 2023. The nutritional profile of
plant-based meat analogues available for sale in Australia.Nutr. Diet. 80(2):211–22

95. Miki AJ, Livingston KA, Karlsen MC, Folta SC, McKeown NM. 2020. Using evidence mapping to
examine motivations for following plant-based diets. Curr. Dev. Nutr. 4(3):nzaa013

96. Mintel Group Ltd. 2023. Sustainability barometer 2022. Executive summary. Broch.,Mintel, London, UK.
https://www.mintel.com/advertising-and-marketing-market-news/consumer-sustainability-
barometer/

97. Mok WK, Tan YX, Chen WN. 2020. Technology innovations for food security in Singapore: a case
study of future food systems for an increasingly natural resource-scarce world. Trends Food Sci. Technol.
102:155–68

98. Monteiro CA, Cannon G, Levy RB, Moubarac J-C, Louzada ML, et al. 2019. Ultra-processed foods:
what they are and how to identify them. Public Health Nutr. 22(5):936–41

99. Neufeld LM, Hendriks S, Hugas M. 2023. Healthy diet: a definition for the United Nations Food Sys-
tems Summit 2021. In Science and Innovations for Food Systems Transformation, ed. J von Braun, K Afsana,
LO Fresco, MHA Hassan, pp. 21–30. Cham, Switz.: Springer. https://doi.org/10.1007/978-3-031-
15703-5_3

100. Neufingerl N, Eilander A. 2022. Nutrient intake and status in adults consuming plant-based diets
compared to meat-eaters: a systematic review.Nutrients 14(1):29

101. N. Y. City Dep. Health. 2023. Mayor Adams commits to reducing city’s food-based emissions by 33 percent
by 2030 after releasing new greenhouse gas emissions inventory incorporating emissions from food. Media Re-
lease, April 17. https://www.nyc.gov/office-of-the-mayor/news/263-23/mayor-adams-commits-
reducing-city-s-food-based-emissions-33-percent-2030-after-releasing#/0

102. Nyborg K, Anderies JM, Dannenberg A, Lindahl T, Schill C, et al. 2016. Social norms as solutions.
Science 354(6308):42–43

103. O’Keefe JH, O’Keefe EL, Lavie CJ, Cordain L. 2022. Debunking the vegan myth: the case for a plant-
forward omnivorous whole-foods diet. Prog. Cardiovasc. Dis. 74:2–8

272 Kraak • Aschemann-Witzel

https://www.mintel.com/advertising-and-marketing-market-news/consumer-sustainability-barometer/
https://www.mintel.com/advertising-and-marketing-market-news/consumer-sustainability-barometer/
https://doi.org/10.1007/978-3-031-15703-5_3
https://doi.org/10.1007/978-3-031-15703-5_3
https://www.nyc.gov/office-of-the-mayor/news/263-23/mayor-adams-commits-reducing-city-s-food-based-emissions-33-percent-2030-after-releasing#/0
https://www.nyc.gov/office-of-the-mayor/news/263-23/mayor-adams-commits-reducing-city-s-food-based-emissions-33-percent-2030-after-releasing#/0


PU45_Art14_Kraak ARjats.cls March 18, 2024 11:41

104. Päivärinta E, Itkonen ST, Pellinen T, Lehtovirta M, Erkkola M, Pajari AM. 2020. Replacing animal-
based proteins with plant-based proteins changes the composition of a whole Nordic diet: a randomised
clinical trial in healthy Finnish adults.Nutrients 12(4):943

105. Pakseresht A, Ahmadi Kaliji S, Canavari M. 2022. Review of factors affecting consumer acceptance of
cultured meat. Appetite 170:105829

106. Parlasca MC, Qaim M. 2022. Meat consumption and sustainability. Annu. Rev. Resour. Econ. 14:17–41
107. Perez-Cueto FJA. 2021. Nudging plant-based meals through the menu. Int. J. Gastron. Food Sci.

24:100346
108. Pointke M, Pawelzik E. 2022. Plant-based alternative products: Are they healthy alternatives? Micro-

and macronutrients and nutritional scoring.Nutrients 14(3):601
109. Poore J, Nemecek T. 2018. Reducing food’s environmental impacts through producers and consumers.

Science 360(6392):987–92
110. Proj.Drawdown. 2023. Sector summary. Food, agriculture, and land use 2023.Project Drawdown.https://

drawdown.org/sectors/food-agriculture-land-use
111. Pyett S, Jenkins W, Van Mierlo B, Trindade LM, Welch D, Van Zanten H, eds. 2023. Our Future Pro-

teins: A Diversity of Perspectives. Amsterdam: VU Univ. Press. https://vuuniversitypress.com/product/
ourfutureproteins/?lang=en

112. Raworth K. 2017. Doughnut Economics. Seven Ways to Think Like a 21st-Century Economist. White River
Junction, VT: Chelsea Green Publ.

113. Rees T. 2023. Plant-based foods face key challenges. Euromonitor, May 3. https://www.euromonitor.
com/article/plant-based-foods-face-key-challenges

114. Rizzolo-Brime L, Orta-Ramirez A, Puyol Martin Y, Jakszyn P. 2023. Nutritional assessment of plant-
based meat alternatives: a comparison of nutritional information of plant-based meat alternatives in
Spanish supermarkets.Nutrients 15(6):1325

115. Salomé M, Huneau J-F, Le Baron C, Kesse-Guyot E, Fouillet H, Mariotti F. 2021. Substituting meat
or dairy products with plant-based substitutes has small and heterogeneous effects on diet quality and
nutrient security: a simulation study in French adults (INCA3). J. Nutr. 151(8):2435–45

116. Searchinger T, Waite R, Hanson C, Ranganathan J. 2019. Creating a sustainable food future. A menu of
solutions to feed nearly 10 billion people by 2050. Final Rep.,World Resour. Inst.,Washington, DC. https://
research.wri.org/wrr-food

117. Sievert K, Lawrence M, Parker C, Russell CA, Baker P. 2022. Who has a beef with reducing red and
processed meat consumption? A media framing analysis. Public Health Nutr. 25:578–90

118. Sinke P, Swartz E, Sanctorum H, van der Giesen C, Odegard I. 2023. Ex-ante life cycle assessment of
commercial-scale cultivated meat production in 2030. Int. J. Life Cycle Assess. 28:234–54

119. Smart Protein. 2022. Plant-based foods in Europe: What do consumers want? Rep., ProVeg Int.,Washington,
DC. https://smartproteinproject.eu/consumer-attitudes-plant-based-food-report/

120. Sobratee N, Davids R, Chinzila CB, Mabhaudhi T, Scheelbeek P, et al. 2022. Visioning a food system
for an equitable transition towards sustainable diets—a South African perspective.Sustainability 14:3280.
https://doi.org/10.3390/su14063280

121. Southey F. 2023. Blending meat with alt protein: Does the hybrid category have a future? Food-
Navigator Eur. April 17. https://www.foodnavigator.com/Article/2023/04/17/Does-the-hybrid-
category-have-a-future

122. Southey F. 2023. The ‘master plan’ to double legume consumption in the Netherlands by 2030. Food-
Navigator Eur., Feb. 20. https://www.foodnavigator.com/Article/2023/02/20/The-master-plan-
to-double-legume-consumption-in-the-Netherlands-by-2030

123. Springmann M, Clark M, Mason-D’Croz D, Wiebe K, Bodirsky BL, et al. 2018. Options for keeping
the food system within environmental limits.Nature 562:519–25

124. Springmann M, Clark MA, Rayner M, Scarborough P, Webb P. 2021. The global and regional costs of
healthy and sustainable dietary patterns: a modelling study. Lancet Planet. Health 5(11):e797–807

125. Springmann M, Spajic L, Clark MA, Poore J, Herforth A, et al. 2020. The healthiness and sustainability
of national and global food based dietary guidelines: modelling study. BMJ 370:m2322

126. SteffenW,Rockström J,RichardsonK,LentonTM,Folke C, et al. 2018.Trajectories of the earth system
in the Anthropocene. PNAS 115(33):8252–59

www.annualreviews.org • Future of Plant-Based Diets 273

https://drawdown.org/sectors/food-agriculture-land-use
https://drawdown.org/sectors/food-agriculture-land-use
https://vuuniversitypress.com/product/ourfutureproteins/?lang=en
https://vuuniversitypress.com/product/ourfutureproteins/?lang=en
https://www.euromonitor.com/article/plant-based-foods-face-key-challenges
https://www.euromonitor.com/article/plant-based-foods-face-key-challenges
https://research.wri.org/wrr-food
https://research.wri.org/wrr-food
https://smartproteinproject.eu/consumer-attitudes-plant-based-food-report/
https://doi.org/10.3390/su14063280
https://www.foodnavigator.com/Article/2023/04/17/Does-the-hybrid-category-have-a-future
https://www.foodnavigator.com/Article/2023/04/17/Does-the-hybrid-category-have-a-future
https://www.foodnavigator.com/Article/2023/02/20/The-master-plan-to-double-legume-consumption-in-the-Netherlands-by-2030
https://www.foodnavigator.com/Article/2023/02/20/The-master-plan-to-double-legume-consumption-in-the-Netherlands-by-2030


PU45_Art14_Kraak ARjats.cls March 18, 2024 11:41

127. Storz MA. 2022. What makes a plant-based diet? A review of current concepts and proposal for a
standardized plant-based dietary intervention checklist. Eur. J. Clin. Nutr. 76:789–800

128. Sun Z, Scherer L, Tukker A, Spawn-Lee SA, Bruckner M, et al. 2022. Dietary change in high-income
nations alone can lead to substantial double climate dividend.Nat. Food 3:29–37

129. Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker PI, et al. 2019. The global syndemic of obesity,
undernutrition, and climate change: The Lancet Commission report. Lancet 393:791–846

130. Systemiq, Univ. Exeter, Bezos Earth Fund. 2023. The breakthrough effect: how to trigger a cascade of tip-
ping points to accelerate the net zero transition. Rep., Systemiq, London. https://www.systemiq.earth/wp-
content/uploads/2023/01/The-Breakthrough-Effect.pdf

131. Taneri PE, Wehrli F, Roa-Díaz ZM, Itodo OA, Salvador D, et al. 2022. Association between ultra-
processed food intake and all-cause mortality: a systematic review and meta-analysis. Am. J. Epidemiol.
191(7):1323–35

132. Thøgersen J. 2023.Concise Introduction to Sustainable Consumption.Cheltenham,UK: Elgar.https://www.
e-elgar.com/shop/usd/concise-introduction-to-sustainable-consumption-9781803924502.
html

133. Thomas MS, Calle M, Fernandez ML. 2023. Healthy plant-based diets improve dyslipidemias, insulin
resistance, and inflammation in metabolic syndrome. A narrative review. Adv. Nutr. 14(1):44–54

134. Tso R, Lim AJ, Forde CG. 2020. A critical appraisal of the evidence supporting consumer motivations
for alternative proteins. Foods 10(1):24

135. Tziva M, Negro SO, Kalfagianni A, Hekkert MP. 2020. Understanding the protein transition: the rise
of plant-based meat substitutes. Environ. Innov. Soc. Transit. 35:217–31

136. UN. 2015. The Sustainable Development agenda. Sustainable Development Goals. https://www.un.
org/sustainabledevelopment/development-agenda/#:∼:text=The%2017%20Goals%20were%
20adopted,plan%20to%20achieve%20the%20Goals

137. UN. 2021. Secretary-General’s chair summary, statement of action on United Nations Food Systems Summit.
Press Release SG/2258, Sept. 23. https://www.un.org/press/en/2021/sg2258.doc.htm

138. UN. 2023. The UN Decade of Action on Nutrition 2016–2025. UN Syst. Stand. Comm. Nutr., Rome.
https://www.unscn.org/en/topics/un-decade-of-action-on-nutrition

139. UN Clim. Change. 2022. New international biodiversity agreement strengthens climate action. UN
Climate ChangeNews,Dec. 19.https://unfccc.int/news/new-international-biodiversity-agreement-
strengthens-climate-action

140. UNNutr. 2021.The role of aquatic foods in sustainable healthy diets. Discuss. Paper,May, UNNutr., Rome.
https://www.unnutrition.org/wp-content/uploads/FINAL-UN-Nutrition-Aquatic-foods-
Paper_EN_.pdf

141. UN Stand. Comm. Nutr. Secr. 2017. Sustainable diets for healthy people and a healthy planet. Discuss.
Pap., UN Stand. Comm. Nutr. Secr., Rome. https://www.unscn.org/uploads/web/news/document/
Climate-Nutrition-Paper-EN-WEB.pdf

142. van der Weele C, Feindt P, Jan van der Goot A, van Mierlo B, van Boekel M. 2019. Meat alternatives:
an integrative comparison. Trends Food Sci. Technol. 88:505–12

143. von Braun J, Afsana K, Fresco LO, Hassan M, Torero M. 2021. Food system concepts and definitions
for science and political action.Nat. Food 2:748–50

144. von Koeller E, Ravi N, Tanovic E, Taylor L, Clausen M. 2023. Taking alternative proteins mainstream.
Rep., Boston Consult. Group, Boston.https://www.bcg.com/publications/2023/taking-alternative-
protein-trends-mainstream

145. Wang VH-C, Foster V, Yi SS. 2022. Are recommended dietary patterns equitable? Public Health Nutr.
25:464–70

146. Webb P, Livingston Staffier K, Lee H, et al. 2023. Measurement of diets that are healthy, environmen-
tally sustainable, affordable, and equitable: a scoping review of metrics, findings, and research gaps.Front.
Nutr. 10:1125955

147. Whelan T, Fink C. 2016. The comprehensive business case for sustainability.Harvard Bus. Rev., Oct. 21.
https://hbr.org/2016/10/the-comprehensive-business-case-for-sustainability

148. Willett W, Rockström J, Loken B, Springmann M, Lang T, et al. 2019. Food in the Anthropocene: the
EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 393(10170):447–92

274 Kraak • Aschemann-Witzel

https://www.systemiq.earth/wp-content/uploads/2023/01/The-Breakthrough-Effect.pdf
https://www.systemiq.earth/wp-content/uploads/2023/01/The-Breakthrough-Effect.pdf
https://www.e-elgar.com/shop/usd/concise-introduction-to-sustainable-consumption-9781803924502.html
https://www.e-elgar.com/shop/usd/concise-introduction-to-sustainable-consumption-9781803924502.html
https://www.e-elgar.com/shop/usd/concise-introduction-to-sustainable-consumption-9781803924502.html
https://www.un.org/sustainabledevelopment/development-agenda/#:~:text=The%2017%20Goals%20were%20adopted,plan%20to%20achieve%20the%20Goals
https://www.un.org/sustainabledevelopment/development-agenda/#:~:text=The%2017%20Goals%20were%20adopted,plan%20to%20achieve%20the%20Goals
https://www.un.org/sustainabledevelopment/development-agenda/#:~:text=The%2017%20Goals%20were%20adopted,plan%20to%20achieve%20the%20Goals
https://www.un.org/press/en/2021/sg2258.doc.htm
https://www.unscn.org/en/topics/un-decade-of-action-on-nutrition
https://unfccc.int/news/new-international-biodiversity-agreement-strengthens-climate-action
https://unfccc.int/news/new-international-biodiversity-agreement-strengthens-climate-action
https://www.unnutrition.org/wp-content/uploads/FINAL-UN-Nutrition-Aquatic-foods-Paper_EN_.pdf
https://www.unnutrition.org/wp-content/uploads/FINAL-UN-Nutrition-Aquatic-foods-Paper_EN_.pdf
https://www.unscn.org/uploads/web/news/document/Climate-Nutrition-Paper-EN-WEB.pdf
https://www.unscn.org/uploads/web/news/document/Climate-Nutrition-Paper-EN-WEB.pdf
https://www.bcg.com/publications/2023/taking-alternative-protein-trends-mainstream
https://www.bcg.com/publications/2023/taking-alternative-protein-trends-mainstream
https://hbr.org/2016/10/the-comprehensive-business-case-for-sustainability


PU45_Art14_Kraak ARjats.cls March 18, 2024 11:41

149. World Cancer Res. Fund Int., Am. Inst. Cancer Res. 2018. Recommendations and public health and pol-
icy implications. Continuous update project. Rep., World Cancer Res. Fund Int., London/Arlington, VA.
https://www.wcrf.org/wp-content/uploads/2021/01/Recommendations.pdf

150. World Econ. Forum. 2020. Incentivizing food systems transformation. Rep., World Econ. Forum, Geneva.
https://www.weforum.org/reports/incentivizing-food-systems-transformation/

151. WWF (World Wildl. Fund). 2020. Bending the curve: the restorative power of planet-based diets.
Rep., WWF, Gland, Switz. https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/
7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_
REPORT_FINAL.pdf.pdf

152. Zhu J, Luo Z, Sun T, Li W, Zhou W, et al. 2023. Cradle-to-grave emissions from food loss and waste
represent half of total greenhouse gas emissions from food systems.Nat. Food 4:247–56

153. Zurek M, Hebinck A, Selomane O. 2022. Climate change and the urgency to transform food systems.
Science 376(6600):1416–21

www.annualreviews.org • Future of Plant-Based Diets 275

https://www.wcrf.org/wp-content/uploads/2021/01/Recommendations.pdf
https://www.weforum.org/reports/incentivizing-food-systems-transformation/
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_REPORT_FINAL.pdf.pdf
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_REPORT_FINAL.pdf.pdf
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_REPORT_FINAL.pdf.pdf



