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This narrative review explores key issues surrounding climate change and diets,
highlighting individual-level dynamics and structural constraints to implementing
policies that prioritize sustainability through a political economy lens. Strong inter-
connections exist between climate change and agri-food systems. Current eating
patterns are unsustainable, threatening both human and planetary health. Hence,
the urgency of promoting “Planetary Health Diets.” Available evidence confirms
that the healthiest diets exert the least pressure on the environment. Partially sub-
stituting meat with plant-based alternatives and reducing the intake of ultra-
processed foods can contribute to more climate-friendly dietary patterns.
Environmental issues, eco-emotions, health-related dietary motivations, and ethical
aspects likely encourage consumers to adopt more sustainable eating habits. In
contrast, high prices, consumers’ low acceptance, low education, lack of a standar-
dized definition, and weakness in the current information-based instruments
related to sustainable food production pose significant challenges to consumers’
choices. Effective governance at global, national, and local levels is pivotal.
Integrating sustainability issues in national food-based dietary guidelines, educa-
tion and awareness campaigns, along with reforming public food procurement and
offering economic incentives for sustainable foods have the potential to foster the
transition towards a healthy sustainable eating. Current dietary patterns negatively
affect both planetary and human health. However, consumers are increasingly
inclined toward sustainable food options. While individuals play a role in food
choices, structural interventions are essential to ensuring a successful transition.

Key words: environmental impacts, dietary patterns, meat substitutes, consumers, behavior,
sustainability, political economy, climate change.

INTRODUCTION temperatures in over 100000 years." Record-breaking
extreme weather events occurred on every continent in
The past 8 years have been the hottest ever recorded, 2022, and the consequences for human health and sur-

and in 2023 the world faced the highest global vival were detrimental. More than 1700 deaths occurred
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following the exceptional flood in Pakistan®; in Europe,
record-breaking summer temperatures caused almost
62000 deaths’; in the Horn of Africa, 34.6 million peo-
ple were affected by drought, with 1.5 million children
at risk of severe acute malnutrition.* Climate change
also poses a wide range of threats to human mental
health and wellbeing.” Eco-anxiety (or climate anxiety),
solastalgia, eco-depression, and related emotions such
as worry, grief, despair, and fear arise from a general
perception of current or anticipated risks and losses
associated with climate change,® with children and
young people being particularly susceptible.”” By affect-
ing weather, ecosystems, and human systems, climate
change jeopardizes global health and exacerbates socio-
economic inequities among and within countries," with
children, adolescents, and women being the most
affected.® Alongside obesity and undernutrition, climate
change is regarded as a global pandemic, with conse-
quences across the life-course that will affect future gen-
erations.” In this context, today’s food systems, from
farm to fork, play a pivotal role. The food supply chain
accounts for 26% of total anthropogenic greenhouse gas
(GHG) emissions, 32% of terrestrial acidification, and
78% of eutrophication.'” The farm stage alone is
responsible for 61% of the GHG emissions, 79% of the
acidification, and 95% of the eutrophication related to
the food supply chain. The agricultural system occupies
almost 43% of ice- and desert-free lands, and 2/ of
freshwater withdrawals is used for irrigation, driving
90% to 95% of global scarcity-weighted water use.'’
Agriculture, including livestock, is the third-largest sec-
tor contributing to global anthropogenic GHG emis-
sions, after the energy and industrial sectors."'

This narrative review examines critical issues at the
intersection of climate change and diets, aiming to iden-
tify major obstacles to implementing policies that pri-
oritize sustainability through a political economy
perspective. It seeks to inform stakeholders about future
consumer-targeted research and behavioral interven-
tions to drive the transition toward sustainable food sys-
tems. We address the following questions: Are
consumers willing to modify their behaviors based on
the environmental impact of food systems? What are
the barriers and facilitators to the transition toward a
sustainable food system? What practicable and accept-
able dietary changes can be proposed to guide consumer
choices?

We present a conceptual framework for discussion
of the environmental impact of various dietary patterns
and the strategies that may help consumers make sus-
tainable food choices. Our focus is on the eating habits
shaped by the current food systems, as they have signifi-
cant environmental impact at a global level.
Accordingly, we explore the individual factors that

influence consumers’ attitudes toward environmentally
sustainable food choices. Finally, we identify barriers
and enablers (including policy instruments) that affect
the adoption of environmentally responsible dietary
behaviors.

CONCEPTUAL FRAMEWORKS

Individual choices can play a crucial role in addressing
global warming, given that household consumption
contributes to approximately 60% of global GHG emis-
sions.'” Nevertheless, individual behaviors are heavily
constrained by the complex socio-economic and politi-
cal structures within which consumers’ choices take
place. The ability of individuals to initiate actions to
tackle climate change ultimately depends on global pro-
duction systems over which most people have little
direct control. The extent to which individual climate-
friendly actions can lead to a positive change is a topic
of ongoing debate, rooted in social sciences’ exploration
of the tension between agency and structure.'”

As depicted in Figure 1, our conceptual framework
sets out to examine food choices and their environmen-
tal impact—influencing health from a global perspec-
tive, including the health of humans, animals and
ecosystems—through a dual lens, focusing on both indi-
viduals (agency) and the broader system (structure).

We draw on insights from 2 conceptual frame-
works to illustrate how individual choices are pivotal,
yet shaped by the surrounding socio-economic and
political contexts. Hampton and Whitmarsh'* devel-
oped a conceptual framework that identifies the 6
domains of choice for climate action that represent the
majority of the individual and household carbon foot-
print (food, household energy, transport, shopping, citi-
zenship, and influence). These domains reflect the
multiple roles people occupy, not only as consumers but
also as voters, social actors, and participants in broader
economic systems. These domains are influenced by 4
main sources—individual (psychological and demo-
graphic), social (cultural and social capital), physical
(material and spatial), and political (governance and
democracy)—that enable or constrain individual
choices. In the context of food, this framework reveals
how consumption habits may involve personal choices,
but those personal choices are embedded in systems of
access, regulation, and cultural norms. For instance, the
“shopping” and “food” domains highlight how price,
labeling, and supermarket layout shape purchasing
behavior, while the “citizenship” and “influence”
domains capture how individuals shape norms and poli-
cies through advocacy, voting, or media engagement.
To refine this perspective, we further narrow our analy-
sis by resorting to Downs et al's’®> definition of food
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Figure 1. Bidirectional Relationship between Food Choices and Their Environmental Impacts. Arrows indicate that, while consumer choices
shape production and distribution systems, those systems in turn constrain or enable dietary options, with implications for the health of
humans, animals and ecosystems. This cyclical influence underscores the complexity of fostering sustainable diets

environment using a socio-ecological framework: “The
consumer interface with the food system that encom-
passes the availability, affordability, convenience, pro-
motion and quality, and sustainability of foods and
beverages in wild, cultivated, and built spaces that are
influenced by the socio-cultural and political environ-
ment and ecosystems within which they are embedded.”
This model helps highlight the material and spatial con-
ditions, such as access to supermarkets, meal programs,
or school canteens, that shape the food choices individ-
uals can realistically make. The food environment ele-
ment is part of the food system framework that is
interpreted (in our view) from a political economy per-
spective. It becomes necessary to analyze the existing
power relationships between the actors that determine
the food system structure (consumers, state institutions,
private companies, etc) to identify the barriers to mak-
ing food choices that have a low impact on the
environment.

The mechanisms underlying individual food
choices are complex and multi-faceted. They depend on
food-related factors, including both intrinsic (sensory
properties) and extrinsic factors (information, social
environment, physical environment); individual differ-
ences, such as personal factors (biological features,
physiological needs, psychological components, experi-
ences) and cognitive factors (knowledge and skills, atti-
tude, liking and preference); and society-related features
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(culture, economic variables, political elements).'®”

Together, these 2 frameworks enable a multi-layered
understanding of consumer behavior, combining
individual-level determinants with structural and con-
textual constraints. They show that effective policy must
target not only motivation and education, but also the
material conditions and governance structures that ena-
ble sustainable food choices. For example, shifting
behavior in the “food” domain requires aligned efforts
in pricing, procurement, regulation, and education,
across public and private sectors. This synthesis under-
scores the need for multi-domain interventions that
address food environments and broader systems of
power and governance. Only by aligning influences
across these domains can policy truly support a global
transition to less resource-intensive food choices.'®'”

Methods

This article is based on a narrative literature review with
an international scope, aiming to analyze the key bar-
riers to and enablers of sustainable food consumption.
We searched databases and websites, including PubMed
and Google Scholar, to identify relevant literature
regarding (1) the environmental impacts of eating pat-
terns and (2) the factors influencing consumers’ food
choices against sustainability. We performed searches
by combining the following key words: environmental
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impacts or footprints, dietary patterns or diets, healthy
diets, food systems, sustainable food choices or diets,
food waste, sustainability, consumers’ food choices or
eating behaviors, pro-environmental or sustainable
behaviors, plant-based alternatives, meat substitutes,
animal-food sources, consumers’ attitude or intention,
motivational drivers, barriers, socio-economic or politi-
cal factors, affordability, facilitators or enablers. We
selected studies, narrative reviews, systematic reviews,
meta-analyses, and documents from international
organizations reporting data or findings on: (1) the
impact of dietary patterns or foods or food waste on the
environmental indicators to depict the pressure of the
current eating patterns on the planet’s health; and (2)
the food-related determinants that influence consumers’
behavior towards sustainable eating, to highlight the key
factors in which to intervene to facilitate the transition
toward more sustainable food choices. Some articles
were identified through manual searching and reference
tracking. All sources reviewed were in English, which
we acknowledge as a limitation in capturing regionally
specific literature in other languages.

THE ENVIRONMENTAL IMPACT OF FOOD AND DIETS

In addition to contributing to the global burden of mor-
tality and morbidity, current dietary patterns based on
unhealthy energy-dense, animal-based, and processed
foods—that are low in fiber and rich in salt, sugars, and
saturated fats—threaten the planet’s ecosystem stabil-
ity.**"** Providing a growing global population with
healthy diets while minimizing the negative environ-
mental impacts of food systems is an urgent challenge.
In 2019, the EAT-Lancet Commission launched the call
for “Planetary Health Diets,” aimed at transforming
food systems by improving human health while coping
with environmental sustainability.”” Aligned with the
guiding principles established by the Food and
Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO)* regarding
sustainable healthy diets, this transformation may con-
tribute to achieving the United Nations Sustainable
Development Goals and the Paris Agreement.*”

Table 1 summarizes some of the most recent find-
ings reporting estimates or modeling for the environ-
mental footprints of several dietary patterns or
foods.”>*"*** As documented by these studies, the
healthiest diets and the most nutritious food categories
(ie, fruit, whole grains, nuts, plant-based commodities)
are confirmed as the most environmentally sustainable,
exerting the least pressure on environmental resources.
However, there are exceptions. In some cases, low
adherence to healthy dietary patterns or the consump-
tion of unhealthy food items (eg, processed foods high

. 0 . . 21,2728
in sugars) may exhibit low environmental impact.

Animal-based foods are responsible for the highest
environmental impacts. Livestock use large areas of
land, accounting for approximately 20% of the total
land on Earth, and emit 8.1 Gt carbon dioxide equiva-
lents (COjeq), with enteric methane representing 30%
of global methane emissions."' Ruminant meat has a
higher environmental impact than pork, because rumi-
nants emit methane while digesting food.””*®
Additionally, ruminant meat production requires more
agricultural inputs per unit of meat produced compared
with pork.”! Data from 55504 individual surveys out-
lined that reducing the daily consumption of meat from
>100g to <50g can lower the impact of GHG emis-
sions, eutrophication, and land use by at least
30%.! Achieving a low-carbon-footprint diet does not
necessarily require the complete exclusion of meat or
animal-based products, and reducing the quantity or
changing the type of meat consumed, such as eating
fish, turkey, and chicken instead of beef and pork, can
make a climate-friendly diet more flexible and accept-
able to a wider audience.”****** According to FAO
and WHO,” sustainable healthy diets must guarantee
the optimal growth and development of all individuals
and support functioning and physical, mental, and
social wellbeing at all life stages, contribute to prevent-
ing all forms of malnutrition and reducing the risk of
diet-related noncommunicable diseases, while support-
ing planetary health. Moreover, they must be accessible,
affordable, safe, equitable, and culturally acceptable,23
that is, be inherently linked to environmental, cultural,
social, and economic contexts, thereby varying depend-
ing on individual preferences, household budget, social
identity, community values, tradition, local foods, and
cuisine.”®*’

Reducing food waste at both the retail and con-
sumer levels, as well as minimizing food losses during
production and along the supply chains, could also be
strategic in meeting sustainable development goals and
climate change targets.”® Globally, 1.3 billion tons of
food is wasted or lost every year, despite 690-829 mil-
lion people going hungry and 3 billion being unable to
afford a healthy diet.*® Every year, food waste and loss
account for a significant portion of natural resource use
(ie, ~25% of all water used in agriculture and 23% of
global cropland) and generate nearly 8% of global GHG
emissions,  with  considerable  socio-economic
consequences.*’

CONSUMERS AND SUSTAINABLE FOOD CHOICES: A
PROMISING NEW COURSE OF ACTION?

Eco-emotions, that is, emotional concern or worry, at
least to some degree, may work as a source of
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motivation for active engagement and play a crucial role
in the adoption of pro-environmental behaviors.*'~**
However, obstacles such as lack of knowledge, false
beliefs (eg, organic food as an effective mitigation
option), difficulty in assessing the actual environmental
impact of food choices, and the attitude-behavior gap
(ie, the discrepancy between having a favorable attitude
toward a sustainable behavior and actually practicing it)
persist.”>**®  Nonetheless, consumers today are
increasingly aware of climate change issues and express
an intention to adopt eco-friendly behaviors, such as
reducing meat consumption, opting for active transpor-
tation (ie, riding a bike or walking), and recycling (ie,
reusing and reducing food waste).*” A meta-analysis of
studies from Europe, Asia, America, and Oceania®® and
a systematic review of studies from Oceania, Latin
America, Africa, Asia, China, Europe, the United
Kingdom, the United States, and Canada® demonstrate
that consumers are willing to pay premium prices for
sustainable food products.

Notably, heightened awareness of the everyday
impacts of the climate crisis has likely driven the shift
toward plant-based eating, as consumers try to contrib-
ute to climate change mitigation.”* Moreover, health-
related dietary motivations, such as the recognized
health benefits of certain dietary patterns (Table 2)%2°72
also influence food choices.'®*"”® Over the past decade,
there has been a growing trend toward adopting plant-
based diets, particularly in Western countries.”*”* The
sales of meat decreased by 5% in 2015 and those of dairy
milk by almost 16% in 2018, while the number of
vegan/vegetarian restaurants increased by nearly 1664%

from 1997 to 2022.>* By 2030, the plant-based food mar-
ket has been projected to reach US$162 billion. One
way to attain the sustainable dietary transition might be
to replace meat with plant-based alternatives, which
consist of either minimally processed pulses (eg, tofu,
soy milk) or ultra-processed foods (UPFs) including
plant protein isolates (eg, plant-based burgers). Life-
cycle analyses suggest that plant-based products are
likely to exert a lower burden on the environment than
their conventional animal-based counterparts. Shifting
from current dietary patterns toward a diet excluding
animal products is expected to help restore natural veg-
etation and soil carbon, while reducing land use by
76%, food’s GHG emissions by 49%, acidification by
50%, eutrophication by 49%, and scarcity-weighted
freshwater withdrawals by 19%.' A considerable reduc-
tion in the global environmental impacts is projected by
2050 if 50% of the main animal-based foods (pork,
chicken, beef, and milk) are replaced with novel plant-
based alternatives, leading to a 31% reduction in GHG
emissions.”” The environmental performance of such
substitutions would vary depending on the type of meat
replaced. It has been calculated that the environmental
impact of sausages containing beef or lamb is, on aver-
age, 240% higher than that of pork, which in turn has a
100% higher impact than poultry. Poultry sausages exert
a 170% higher environmental impact than vegan and
vegetarian products.27

The origin of food products has increasingly influ-
enced consumers’ intentions to eat sustainably and their
purchasing decisions. There has been some recent
research investigating how people across Europe, the

Table 2. The EAT-Lancet Diet (EAT-LD) and the Mediterranean Diet (MedDiet): Beneficial Effects on Diseases

* Type 2 diabetes mellitus (T2DM)

EAT-LD: Greater adherence is associated with both lower risk of developing T2DM*%** and decreased risk of incident T2DM among

people with various levels of genetic risk.>*

MedDiet: Reduces the inflammatory profile of T2DM, partially because of the anti-inflammatory action of citrus bioflavonoids,*
and several metabolites associated with higher relative risk of T2DM.>

¢ Cardiovascular diseases (CVDs)

EAT-LD: Adhering is associated with a lower risk of cardiovascular disease and coronary heart disease,”” coronary events (including
fatal and nonfatal myocardial infarction or death due to ischemic heart disease®®), subarachnoid stroke,* incident atrial fibrilla-
tion (mostly in individuals with higher genetic risk®), and heart failure®’. Overall, EAT-LD is associated with a better cardiometa-
bolic profile (ie, lower values for blood pressure, total cholesterol and some its fractions, such as LDL-c and non-HDL-c); that is,

better cardiovascular health is observed.5?

MedDiet: Exerts a favorable effect on blood pressure, insulin sensitivity, lipid profiles, lipoprotein particles, inflammation, oxidative
stress, and carotid atherosclerosis, thus representing an ideal model for CVD prevention.® Interestingly, the MedDiet likely
decreases cardiovascular risk factors in obese children and adolescents exhibiting any metabolic syndrome component by
improving body mass index, blood glucose levels, and lipid profile.5*

* Non-Alcoholic Fatty Liver Disease (NAFLD)

MedDiet: s effective in reducing liver steatosis.5>°® Overall, adherence is associated with a lower prevalence of NAFLD in patients

with cardiometabolic disorders.®”
* Cognitive aging

EAT-LD: Is associated with better global cognitive functioning and slower cognitive decline in cognitively healthy older adults.®®

MedDiet: May slow age-related cognitive decline in older populations.

* Cancer

69,70

EAT-LD: Adoption reduces the risk of incident cancer and all-cause mortality.”’
MedDiet: Likely exhibits a beneficial effect in the primary prevention of breast cancer.”?
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United States, and Latin America adjust their food
choices with respect to environmental aspects and the
sustainability of the food chain. Evidence has shown
that most consumers prefer fresh, local, and seasonal
foods that minimize food waste at home and originate
from sustainable processing systems with minimal low-
impact packaging.'® Beyond environmental concerns,
ethical aspects, and social dimensions encompassing the
respect for human and workers’ rights, animal welfare,
and fair trade may influence people’s food
choices.*®”*”” Buying local food is perceived as a way to
support local communities and establish local produc-
tion systems.18 Indeed, modern consumers seem to
place greater value on ethical, social, and health aspects

than on environmental issues.”®”’

BARRIERS TO THE ADOPTION OF SUSTAINABLE DIETS

We have identified 3 main factors that undermine the
ability of consumers to make sustainable food choices.
These are (1) shortcomings in defining and measuring
sustainable diets; (2) low availability of food alternatives
to meat and UPFs; and (3) ineffective policy instru-
ments for promoting sustainable food choices.

Definition and Metrics

One central barrier to making sustainable food choices
is a lack of consensus on what sustainability means and
how to measure it in food systems. The term sustain-
ability has been used to encompass environmental, eco-
nomic, public health, and sociocultural dimensions.*
The best-known definition of a sustainable and healthy
diet was worked out in 2019 by FAO and WHO.*
However, its guiding principles are very much qualita-
tive in nature, and it lacks recommendations on how to
quantitatively assess the sustainability of diets. In the
same year, the EAT-Lancet Commission proposed the
“Planetary Health Diet,” a largely plant-based reference
diet with modest quantities of animal foods and mini-
mal red and processed meats, sugars, refined grains,
and starchy vegetables.”> The Commission also pro-
vided global scientific targets defining a safe operating
space for food systems, emphasizing the links between
agriculture and climate change.”” However, it has been
suggested that providing a single reference for the whole
world population might be a shortcoming.®!

While food-based dietary guidelines (FBDGs) offer
country-specific healthy diet guidance, only 37 include
reference to environmental sustainability, mainly in
upper-middle- and high-income countries in Europe
and Latin America.*”

12

Production: Alternatives to Meat Consumption

In addition to plant-based alternatives, other sources for
meat protein substitutes include fungi-, or insect-based
proteins, single-cell proteins (microalgae and bacteria),
and cultured meat. Meat substitutes, or meat analogs,
are terms referring to the products that mimic the proc-
essing, nutritional, and sensorial qualities of meat. They
include a wide range of products that can be categorized
according to the product’s application, depending on
whether they are mimicking the whole muscle tissue, a
fragment of muscle tissue (eg, ground meat), or proc-
essed meat product (eg, hot dogs).*> Meat substitutes,
their overall characteristics, and their environmental
impacts are summarized in Table 3.”>%'°! Overall, the
current evidence indicates they have the potential to
promote sustainability and a circular economy. In the
context of reducing meat consumption, understanding
the drivers behind consumer acceptance of, or willing-
ness to purchase, various alternative protein sources is
essential. A systematic review of studies conducted in
several countries from Europe, the United States, and
Australia revealed that acceptance of pulses, algae,
insects, plant-based meat substitutes, and cultured meat
was relatively low in comparison with meat, and that
pulses and plant-based alternatives were the most
accepted, while insects were the least accepted, followed
by cultured meat,'”” in line with the general trend
observed (Table 3). Taste, healthiness, familiarity, atti-
tudes, food neophobia, disgust, and social norms were
the significant drivers of consumer acceptance, with dif-
ferences across alternative meat proteins. For example,
for insects and other novel proteins, familiarity, food
neophobia, and disgust seemed the most relevant deter-
minants of acceptance.'” Commonly, social and cul-
tural factors (norms, preferences, perceptions, beliefs)
are strong drivers of meat consumption, because it can
symbolize tradition, wealth, social connection, and mas-
culinity, so these can be additional obstacles to the
adoption of alternative protein consumption.””'??
Furthermore, high prices, low availability, and a lack of
convenience have been identified as motivational bar-
riers preventing widespread adoption of a sustainable
diet.***> Age and education likely also influence sus-
tainable food choices worldwide, with younger genera-
tions'**'%” and more educated consumers'®”’ """ being
more prone to consuming less meat and more meat
substitutes, as demonstrated for example by studies car-
ried out in the United States, the United Kingdom,'%*
South  Africa,'”  Belgium,'” New Zealand,'”’
Slovenia,'”® and Canada.'”

It is important to note that, while the environmen-
tal benefits of plant-based meat substitutes are well
established, their health effects are more debated. A
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Table 3. Meat Substitutes: Classification, Characteristics, and Environmental Impact

* Plant-based. The most commonly used are legumes (soybeans, lupine, peas, lentils) and cereals or pseudo-cereals (chia, quinoa), fre-
quently mixed. Plant-based substitutes are characterized by low environmental impact and resource consumption, while they exert
the highest impact when being mixed with animal-sourced ingredients. Generally, higher levels of processing are linked to higher
environmental impact.3*3 If half of the meat and milk were to be replaced by plant-based products by 2050, a reduction of 31% of
agriculture and land use greehouse gas emissions might occur.”® Overall, consumers perceive plant-based diets as ethical, healthy,
and environmentally friendly, but plant-based foods and meals are sometimes regarded as less convenient and tasty.®®

* Fungi-based. Mycoprotein, produced by fungal biomass, is a source of protein for meat substitutes. Various edible mushrooms (eg,
Rhizopus oligosporus, Fusarium venenatum, Penicillium limosum) have been studied and/or sold in many countries.®® Fungi-based
substitutes are commercialized in the United States and Europe, but they are still pricy. In addition, their environmental footprint has
still to be quantified by quality studies, despite preliminary research showed high energy requirements and greenhouse gas
emissions.®>

* Insect-based. Entomophagy is practiced in 113 countries around the world, mostly in Africa, Asia, Latin America, and Oceania.?’ More
than 2000 species of insects are edible,®® and they are a good source of proteins. Insects mixed with vegetable proteins are used to
mimic meat texture and can have high nutritional value.”® The major concerns are allergic reactions due to tropomyosin and arginine
kinase, chemical contamination with heavy metals, and biological contamination by Enterobacteriaceae.’®®’ Insect-based proteins
have an environmental footprint lower than that of animal proteins but higher than that of plant proteins.'® Plant-insect hybrid prod-
ucts show a lower environmental impact than plant-animal hybrid products.®® A systematic review including 22 studies from devel-
oped countries and 10 from developing countries indicates that the consumer acceptance of insects remains low, particularly in high-
income countries, thus target strategies for specific populations should be developed to improve their acceptance.”

* Single-cell. Microalgae are a safe alternative source of protein of quality, and have a higher growth rate than plant proteins.’® Some
researchers have studied the possibility of producing microbes rich in protein using urban waste.”**> However, more efficient produc-
tion is required.®* Even though the current method for producing single-cell sources of protein is almost 50 years old, there is skepti-
cism about the possibility of industrial production and its energy demand.’® Low environmental impact would depend on the use of
renewable energy in production processes.®> Possible advantages are the reduction of cultivable land®® required and the reuse of
waste steam as a nutrient source.”” However, the attraction of microalgae as a food source seems to be relatively low, due to their yel-
low-green color, fishy smell, and high prices.”®

* Cultured meat. Meat produced by cellular agriculture is a promising alternative to current systems, but it is still in its developmental
stages. Major challenges are obtaining low-cost culture medium and achieving energy efficiency.”® Compared with livestock farming,
cultured meat reduces energy consumption, greenhouse gas emissions, and land use.” It could be a possible option in the long term
if all ethical and safety concerns could be solved and its production widely authorized.'® There is large cultural variation in the accept-
ance of cultured meat, with perceived unnaturalness and disgust being important factors, so cross-cultural research may be paramount
for the acceptance of this novel food-production technology.'®'

large cohort study conducted in the United Kingdom
found a positive association between the consumption
of UPFs, including plant-based UPFs, and cardiovascu-
lar diseases."'” Although they are a good source of
healthy nutrients, some of the processed meat alterna-
tives are high in saturated fat and sodium, which sug-
gests the need for the consumer to pay attention when
choosing meat alternatives and for the food industry to
improve the nutritional profile of meat alternatives.
However, dietary patterns centered on whole plant-
food, such as beans and whole grains, are overall
healthier.'"!

Policy Instruments for Behavioral Change

The most recent research has identified 4 main categories
of policy instruments that aim to boast consumers’ aware-
ness of environmental concerns.''”'"> These are
information-based, nudging, market-based, and regulatory
instruments. Although the information-based instruments
(eg, labels, education, campaigns) are the most widespread
and promoted, both by food companies and governments,
their impact has been found to be minimally effective,
mostly depending on sociodemographic characteris-
tics.">'"> Regarding the effect of the consumer’s age on

Nutrition Reviews® Vol. 00(00):1-18

the impact of information-based instruments, the litera-
ture presents mixed results. Some studies have found that
older generations are more likely to buy products display-
ing eco-labels,"'*'"> while others have reported environ-
mental knowledge as the determinant affecting a younger
individual’s inclination towards the consumption of sus-
tainable food products.''®''” As to gender, the findings
generally show that women are more inclined than
men'"*1>18120 16 purchase sustainable foods. Higher
education and income also correlate with sustainable
Choices.ll4,118,120,121

Regardless of the consumer group’s characteristics,
scholars and policymakers have been debating about the
effectiveness of strategies for designing food product
labels. Although eco-labels overall increase public aware-
ness of environmental problems and promote purchases
of sustainable products,'*>'** some studies have shown
that general knowledge about sustainability and how to
read label content is low."**"*""**!**> Poor communica-
tion through the information on labels can lead to confu-
sion when choosing a product.'*® The effectiveness of
combination labels displaying information on different
spheres of sustainability (eg, carbon footprint and nutri-
tional values) is another field that deserves further atten-
tion, in the light of the conflicting findings encountered
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so far.'*”'*® Nudging instruments—defined as measures
that voluntarily shift consumers towards more sustain-
able food choices—can lead to small improvements.'*
However, the adoption of these instruments alone has
proven minimally impactful.'*’

OPPORTUNITY AND SOLUTIONS

Consumers need to be stimulated and supported to
make food choices that are both sustainable and health-
promoting. This requires substantial transformation of
food systems and environments, alongside increased
consumer knowledge, awareness, and empowerment.
Addressing both health and sustainability is essential for
shifting from inadequate diets high in animal proteins
and UPFs toward balanced, plant-based diets. Cross-
sector partnerships—between authorities, academia,
civil society, producers, and industry—and interdiscipli-
nary strategies are needed. Double- and triple-duty
actions that address climate change, undernutrition,
and obesity are required.”"*" To be effective, global tar-
gets must be adapted locally, reflecting national disease
burdens, environmental challenges, and cultural tradi-
tions.”” As a single global diet cannot fit the whole
world, the general features of the “Planetary health diet”
have to be tailored to the specific geographic, cultural,
social, and economic context. Indeed, several traditional
healthy diets are already including these features, for
example, the territorial Japanese diet, the
Mediterranean diet, and the Nordic diet,”® and tradi-
tional healthy diets in Indonesia, Mexico, India, China,
and West Africa.”

Which policy measures should be implemented to
encourage and guide consumers to make long-term
more sustainable and healthier food choices in an
attainable way?

Integrating sustainability into national FBDGs that
reflect cultural and economic peculiarities, as well as
public health needs, can be a starting point for the
uptake of healthy and sustainable diets at a population
level. By offering country-specific guidance on sustain-
able dietary patterns and how to make changes, FBDGs
have the potential to become a key instrument for prac-
tically assisting consumers in their food choices.
Although originally focusing only on promoting healthy
eating, since 2014 FBDGs have been starting to embed
aspects related to sustainability,®® such as reducing
GHG emissions, promoting plant-based diets, preserv-
ing biodiversity, and addressing food loss and waste.
For example, the latest Italian guidelines provide advice
on the selection of local seasonal products and include
strategies to reduce food waste.”> Brazilian dietary
guidelines promote whole or minimally processed foods
and their culinary preparations over UPFs.'*? Belgian,
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French, and Swedish dietary guidelines explain the
“what,” “why,” “how,” and “quantity” for dietary change
towards a more sustainable diet, emphasizing the con-
sumption of plant protein sources while reducing the
consumption of red meat.">> The 2020-2025 Dietary
Guidelines for Americans establishes strong recommen-
dations  for  plant-based  diet consumption.”’
Implementing education and public awareness cam-
paigns that incorporate sustainability concepts can
empower individuals to make informed decisions about
climate-friendly foods, such as: the “Nationale Week
Zonder Vlees & Zuivel” campaign motivating the popu-
lation to eat meat-free for 1 week in March (the
Netherlands);*** the “Eat A Whole Lot More Plants”
campaign (New York City);"** the Waste and Resources
Action Programme and the “Love Food, Hate Waste!”
campaign helping reduce waste behaviors by individuals
and households (the United Kingdom);19 and the
“Shokuiku” policy promoting lifelong food literacy and
incorporating environmental and cultural values into
school curricula (Iapan).13 > Nutrition education
empowers consumers to shape their diet in politically
conscious, socially resposible, and democratically par-
ticipatory ways."”” Nutrition knowledge equips them
with competencies for understanding nutrition-related
topics and labeling, as well as for actively engaging in
food-related decisions and shaping processes. Children
and the younger generations should be mostly targeted,
as they may be more receptive to change and more sen-
sitive to environmental issues. This could accelerate the
cultural transition toward more sustainable healthy
food consumption.”” Health personnel and organiza-
tions could also play a critical role in educating people
about environmental impacts of dietary choices.
Furthermore, a key strategy could be the channeling of
information through instrumental social platforms such
as TikTok, Facebook, and Instagram.””

Opverall, the above-mentioned less intrusive policy
measures, resulting in a gradual, incremental transition,
are more acceptable than those that push for drastic
changes or are mandatory.”®”” However, market-based
instruments and regulatory interventions should also be
gradually scaled up to support the effectiveness of the
transition as acceptability allows.”*'”” Implementing
fiscal tools, such as incrementing the price of UPFs and
high-impact animal products through taxes (eg, of red
meat), or making fruits, vegetables, legumes, and plant-
based proteins affordable through subsidies or value-
added tax reductions, can help incentivize the consump-
tion of plant-based foods, while discouraging that of
animal-based foods.”*'*”"'** Furthermore, social pro-
tection measures are needed for resource-constrained
and marginalized individuals.'** Reforming public food
procurement (ie, through schools, hospitals, and other
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public facilities) to incorporate plant-based, minimally
processed, and locally sourced options may stimulate
the acceptance of and familiarity with sustainable eat-
ing."**'*1*2 In particular, school meal programs can
become an educational tool, instilling in children life-
long dietary knowledge.'*’

Cities can also play a central role in fostering the
implementation of sustainable food systems, creating
collaborative networks to enhance a collectivity’s envi-
ronmental, economic, and social health. The interna-
tional agreement of Mayors from all over the world
launched at the World Expo 2015, the so-called Milan
Urban Food Policy Pact,'*’ is worthy of mention. It is
the first guide on urban food policies to advance the
common goal of sustainable, inclusive, and resilient
urban food systems.'**'**

CONCLUSION

There is substantial evidence that current consumption
patterns negatively affect both planetary and human
health, with food systems being no exception.
Consumer choices and associated dietary habits can
contribute significantly to reducing environmental pres-
sure. However, a more equitable, sustainable food sys-
tem is not only a matter of consumer responsibility but
also a governance imperative, as the production and
availability of sustainably sourced foods are shaped by
complex interactions among various stakeholders, poli-
cies, and market dynamics. While consumers are
increasingly inclined toward sustainable food options,
their choices are often limited by systemic, economic,
and social barriers, including no standardized defini-
tion, weakness in the current information-based instru-
ments, high prices, and low education. Long-term
change demands holistic approaches: cross-sector col-
laboration, combined strategies, and multi-level inter-
ventions. Policies must be tailored to local contexts
reflecting national conditions, economic systems, and
cultural traditions. Actions such as integrating sustain-
ability into FBDGs, funding education and awareness
campaigns, reforming public procurement, and provid-
ing economic incentives can drive healthy, planetary-
friendly diets.
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