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Food production for human consumption is a leading cause of environmental damage in

the world and yet over two billion people suffer from malnutrition. Several studies have

presented evidence that changes in dietary patterns across the world can lead to win-

win outcomes for environmental and social sustainability and can complement ongoing

technological and policy efforts to improve the efficiency of agricultural production.

However, the existing evidence have been compiled in “silos” by a large range

of researchers across several disciplines using different indicators. The aim of this

quantitative review is to bring together the existing knowledge on heterogeneity of current

dietary patterns across the world and how a transition toward healthy diets in different

countries can aid in progress toward multiple global Sustainable Development Goals

(SDGs). We first summarize the nutritional quality, economic cost, and environmental

footprint of current diets of over 150 countries using multiple indicators. Next, we

review which shifts in dietary patterns across different world regions can help toward

achievement of SDG2 (Zero hunger), SDG3 (Good health and wellbeing), SDG 6 (Clean

water and sanitation), SDG13 (Climate action), SDG14 (Life below water), and SDG15

(Life on land). Finally, we briefly discuss how to enable the shift toward sustainable dietary

patterns and identify the research and data gaps that need to be filled through future

efforts. Our analysis reveals that dietary change is necessary in all countries as each one

has unique priorities and action items. For regions such as Sub-Saharan Africa and South

Asia, increased intake of nutrient dense foods is needed to address deficiency of essential

nutrients like folate, potassium, and vitamin A. For North America and Europe, shifting

toward more plant-based diets would be healthier and simultaneously reduce the per

capita environmental footprints. The results can be useful for policymakers in designing

country-specific strategies for adoption of sustainable dietary behaviors and for food

industry to ensure the supply of sustainable food items customized with regions’ need.
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INTRODUCTION

The United Nations Sustainable Development Goals (SDGs) outline the global consensus on social,
economic, and environmental targets that humanity is striving to achieve by the year 2030 (United
Nations, 2015). Achievement of these 17 SDGs is highly dependent upon the dietary habits of people
across the world. This is because over two billion people suffer from malnutrition and dietary
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factors are one of the main causes of premature mortality and
morbidity according to global burden of disease assessment
(GBD 2019 Diseases Injuries Collaborators, 2020), thereby
hampering the progress toward SDG2 (Zero hunger) and SDG3
(Good health and wellbeing).

Moreover, current agricultural production sector supplying
food for human consumption is the leading employer of the
people and a main contributor to the environmental problems
such as GHG emissions, freshwater scarcity, eutrophication,
land degradation and biodiversity loss (Chaudhary et al., 2018a;
Willett et al., 2019), thereby hampering the progress toward SDG
6 (Clean water and sanitation), SDG13 (Climate action), SDG14
(Life below water), and SDG15 (Life on land).

A global transition toward sustainable diets that are affordable,
nutritionally adequate, and environmentally friendly will be key
in achieving several SDGs simultaneously (Roberts and Mattoo,
2019; Garcia et al., 2020; Vågsholm et al., 2020). As of today, this
seems a mammoth task because the current diets of most people
around the world is either lacking in essential micronutrients,
or high in nutrients of health concern or high in environmental
footprint or all of the above (Springmann et al., 2018a).

Earlier literature in this field explored the health, nutrition,
environment, or economic consequences of a shift from
current toward alternative diets such as vegan, vegetarian,
Mediterranean, etc. at the national or regional levels (Vanham
et al., 2013). This was followed by several global scale studies
that compared the intake levels of major food groups in
different countries with alternative orWHO recommended levels
and quantified the benefits of such a transition on health or
environment (Tilman and Clark, 2014). All these studies were
confined to a limited number of sustainability indicators such
as GHG emissions, freshwater use, disease mortality, etc. (Jalava
et al., 2014; Springmann et al., 2016).

This was followed by one of the most comprehensive analysis
on this topic to date, where the recent EAT-Lancet commission
on healthy diets from sustainable food systems proposed a
healthy diet that meets the daily nutritional recommendations
and does not transgress the different environmental planetary
boundaries (Willett et al., 2019). Later studies calculated the cost
of this healthy diet for different countries and reflected upon
the economic sustainability or affordability dimension of healthy
global diets (Hirvonen et al., 2019).

However, we realized that the published literature on dietary
change to improve sustainability outcomes have been spread
across a wide range of journals—each catering to a niche audience
in silos (Jones et al., 2016). Studies discussing dietary change
under a consistent framework of SDGs are almost non-existent.
The aim of this study is to fill this research gap.

Here we perform a review to summarize the existing
knowledge on how the dietary transformation across the world
can help the progress toward multiple sustainable development
goals (SDGs). We first summarize how the current diets
of different countries look like from the social (nutrition),
environmental, and economic dimensions of sustainability. For
this, we review the nutritional quality, economic cost and
environmental footprint of current national diets calculated by
recent studies using several indicators. Next, we review the

literature on how a shift in dietary patterns across different
world regions can help achievement of SDG2 (Zero hunger),
SDG3 (Good health and wellbeing), SDG 6 (Clean water and
sanitation), SDG13 (Climate action), SDG14 (Life below water),
and SDG15 (Life on land). Finally, we review studies on different
policy or behavioral interventions that can help adoption of
sustainable diets. We end the review by laying down the
limitations of existing dietary sustainability studies and identify
research or data gaps that need to be filled through future efforts.

SUSTAINABILITY STATUS OF CURRENT
DIETS OF DIFFERENT WORLD REGIONS

Current Dietary Patterns Vis-à-Vis Dietary
Recommendations
Early work on proposing the healthy eating principles and
recommended intakes of different food groups were carried
out by World Health Organization (WHO) (WHO, 2003, 2020;
WHO and FAO, 2004) and other institutions (e.g., Harvard’s
Healthy Eating Plate) based on the link between food intake and
the risk of undernutrition, premature mortality from diet-related
non-communicable diseases (NCDs) and obesity. An increasing
number of countries have since then established the national
food-based dietary guidelines (FBDGs) that fit the country-
specific food availability, dietary habits, and nutrition concerns
(WHO, 1998).

However, it is possible that a healthy diet has huge
environmental impacts and thus its supply would not be
sustainable in long term. Reflecting this need to consider
the global environmental targets such as planetary boundaries
(Steffen et al., 2015) or those agreed upon by several countries in
the Paris climate deal (United Nations Framework Convention
on Climate Change (UNFCCC), 2015; Rockström et al., 2017),
recent guidance on sustainable diets is also emphasizing the need
to add environmental sustainability criteria in addition to the
nutrition, thereby promoting foods that are not only nutrient
dense but also low in their environmental footprints (Behrens
et al., 2017; Blackstone et al., 2018; Ritchie et al., 2018; FAO
and WHO, 2019; Herforth et al., 2019; Willett et al., 2019;
Kesse-Guyot et al., 2020; Springmann et al., 2020).

The reference diet proposed by the EAT-Lancet commission
is one such attempt as it considers the dietary risk factors,
nutrient adequacy and five environmental planetary boundaries
(Willett et al., 2019). Their reference diet provides the mean value
along with a range for the intake amounts of 16 food groups.
Other global studies have derived country-specific sustainable
diets using mathematical optimization algorithms that meet the
nutrition, environmental and cultural acceptability constraints
(Chaudhary and Krishna, 2019). Certain authors have also
derived optimal diets at the national level considering nutrition,
environment as well as the economic cost of daily diet in local
food market (Gephart et al., 2016; Perignon et al., 2019; Abejón
et al., 2020; Eini-Zinab et al., 2020).

Apart from health, nutrition and environmental dimensions,
there have been calls to further improve the national dietary
guidelines taking into account additional factors such as
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affordability of food items, subnational differences in food
habits, cultural diversities, and income inequality alongside other
indicators of food system sustainability to achieve more realistic
and feasible dietary transformations (Chaudhary et al., 2018a;
He et al., 2018; Batlle-Bayer et al., 2020; Blackstone and Conrad,
2020; Esteve-Llorens et al., 2020; Lassen et al., 2020; Moberg et al.,
2020; Raghunathan et al., 2020; Sharma et al., 2020).

A comparison of the current intake of different food items or
groups in different countries with the recommended intake levels
proposed by dietary guidelines has revealed that a global average
daily diet is low in fruits, non-starchy vegetables, legumes, nuts,
and seeds, while high in red and processed meat, added sugar
and roots and tubers (Afshin et al., 2019; Willett et al., 2019).
Figure 1 shows the geographic variability in diets across the
world compiled by comparing the current intake levels of major
food groups with their EAT-Lancet recommended levels.

The diet in the low-income regions like Sub-Saharan Africa
is primarily composed of cereals, roots and tubers which
contain mainly carbohydrates, while the diets in high-income
countries source energy primarily from non-staple foods with
high quantities of animal-based products (e.g., meat and dairy),
sugar and fats (Chaudhary et al., 2018a; Chaudhary and Krishna,
2019; FAO et al., 2020).

Only 55% of the world population has average fruit and
vegetable availability above the recommended level of 400 g
capita-1 day-1 (Mason-D’Croz et al., 2019a; WHO, 2020). On
average, the current global intake of fruits and vegetables is
around 57% of the recommended amount and ranges from
around 25% in several South Asian and Sub-Saharan African
countries to around 95% in certain Mediterranean, Middle East
and North African countries such as Armenia, Turkey, Tunisia,
Romania, Egypt, and Iran (Afshin et al., 2019; Mason-D’Croz
et al., 2019a; Willett et al., 2019; Springmann et al., 2020;
Figure 1).

As one of the major plant-based protein sources, the reference
diet from EAT-Lancet Commission report proposed an average
75 g per capita daily intake of dry beans, lentils, peas, and soy.
Current legume consumption globally is remarkably insufficient
compared to the recommended amount. For legume products,
Sub-Saharan Africa, Latin America and Caribbean, and India
have highest per capita consumption, while Europe and Central
Asia has the lowest intake. The average daily consumption
of roots and tubers is above the level in EAT-Lancet diet
across all regions, with the highest intake in Sub-Saharan Africa
and the lowest in South Asia. Current intakes of nuts and
seeds are substantially below the recommended levels across all
geographical regions (Figure 1).

Globally, the current livestock meat intake is higher than
the recommended levels except in South Asia and Sub-Saharan
Africa. For red meat, per capita average intake is highest in
North America, followed by Europe and Central Asia, China, and
Latin America and Caribbean. Mongolia, Argentina, Australia,
Turkmenistan, and United States are the top consumers of
ruminantmeat (beef and lamb) with the highest per capita values.
High-intake regions like North America have 15 times more per
capita intake than low-intake regions like South Asia (Figure 1).
North America also has the highest per capita consumption of

dairy products, with around seven times the daily dairy intake of
people in Sub-Saharan Africa and East Asia and Pacific. Europe
and Central Asia has the second largest dairy intake.

Nutritional Quality of Current National Diets
SDG2 (zero hunger) and SDG3 (Good health and wellbeing)
underscore the importance of the nutritional quality of diet
for a healthy life. Apart from calories, human body needs
several essential nutrients to support the body functions
(Fern et al., 2015) including macronutrients such as protein,
fiber and poly-unsaturated fatty acids (PUFA); minerals (iron,
potassium, phosphorus, calcium, zinc, copper, magnesium,
manganese, selenium) and many vitamins. The daily per capita
recommended intake levels of essential nutrients for different
age groups is available from agencies such as WHO or the U.S.
Institute of Medicine (WHO, 2003; Institute of Medicine, 2005).
Then there are nutrients of health concern such as saturated
fats, sugar, sodium, cholesterol, whose intake above a certain
level is associated with negative impacts on the body functioning
(Fern et al., 2015).

Many studies have linked the nutrient density (amounts per
gram) of individual food items with their daily per capita intake
amounts to calculate the current intake levels of nutrients in
different countries and compared it with the recommended
intake levels (Chaudhary et al., 2018a; Springmann et al., 2018b;
Chaudhary and Krishna, 2019). Figure 2 shows the comparison
of current and recommended intake levels of selected nutrients
with high deficiency prevalence in different regions of the world.

Low intakes of dietary fiber, iron, potassium, vitamin A,
folate, vitamin E, riboflavin (vitamin B2), vitamin B12, choline,
and vitamin K are most prevalent globally (Beal et al., 2017;
Springmann et al., 2018b; Chaudhary and Krishna, 2019).

The diets in the western countries are high in calories, low
in several essential micronutrients and very high in nutrients of
health concern (cholesterol, total fat, sugar, saturated fat). Diets
in Africa and Asia are low in several essential micronutrients
but also low in nutrients of health concern. A few countries in
Sub-Saharan Africa here have diets low in calories as well.

The global average intake of the calories and the three essential
macronutrients (protein, fiber, and polyunsaturated fatty acids) is
much closer to their respective recommended levels compared
with the intake of essential vitamins and minerals which is
rarely adequate. Sub-Saharan Africa and India have the lowest
average intake of protein while the intake in North America,
Europe, China, and Latin America and Caribbean is way high
and surpasses their mean population-level requirements. The
intake of dietary fiber is most inadequate in South Asia and
East Asia and Pacific. Across geographic regions, the intake
of polyunsaturated fatty acids (PUFA) is most inadequate in
South Asian countries, followed by Sub-Saharan Africa and
East Asia and Pacific. United States and Israel have the highest
national average PUFA intakes, twice the amount of their
recommended levels.

Regarding vitamins, globally, the population-weighted
average intakes are below their requirements for folate,
riboflavin, choline, vitamin B12, vitamin K, vitamin E and
vitamin A (Chaudhary and Krishna, 2019). The average folate
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FIGURE 1 | Diets in different countries relative to the EAT-Lancet reference diet. Ratio of current to EAT-Lancet recommended intakes of different food groups per

country are shown. We adopted the national average intake estimates (year 2010) from Willett et al. (2019), and the references proposed by EAT-Lancet Commission

for the major food groups to calculate the ratios of current to reference intake levels. The darker red color indicates an insufficient intake of sustainable healthy foods or

an excessive intake of unsustainable unhealthy foods in the national average diet.
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FIGURE 2 | Ratio of current dietary supply to recommended intake for selected nutrients. Recommendations are population level average Reference Nutrient Intake

(RNI) per capita per nutrient for each country which are calculated following the methods in Chen et al. (2020). Current intake levels (year 2010) were adopted from

Springmann et al. (2018b).

intake is inadequate (ratio < 1) across all regions except China.
Rwanda, Cuba, and Burundi have the highest national dietary
folate intake while Somalia, Guinea-Bissau, and Sri Lanka are
estimated to be most inadequate in their folate intake (Figure 2).
Riboflavin (or vitamin B2) in current diets is lower than the
recommended amounts for India, South Asia, Sub-Saharan
Africa, East Asia and Pacific, and Middle East and North Africa.
Democratic Republic of the Congo, India, and Sri Lanka have
the lowest riboflavin content in their national average diets,
accounting for <40% of their required amounts (Figure 2).

The average vitamin A intake is inadequate in South Asia,
India, East Asia and Pacific, Middle East and North Africa,
and North America. Diets in South Asia and India contain the
lowest vitamin A level and their dietary vitamin A only fulfill
40% of the daily requirement (Figure 2). Indian diets are also
the most inadequate in vitamin B12 which is only found in
animal-based foods, followed by diets in Sub-Saharan Africa
and South Asia (Figure 2). The vitamin C requirements are
met by current average diets of all regions except in South
Asia. Diets in most world countries (86%) contain less Choline

than the reference of 550mg per capita per day, and people
in South Asia and Sub-Saharan Africa have lowest intake level
(Chaudhary and Krishna, 2019). Vitamin K in the average
diet of Sub-Saharan Africa is the lowest, followed by South
Asia and India, barely reaching two third of the required
level (Chaudhary and Krishna, 2019). Vitamin E intake on
average is inadequate in South Asia, India, Latin America and
Caribbean, Sub-Saharan Africa, East Asia and Pacific, and China
(Chaudhary and Krishna, 2019).

Regarding minerals, average intake of potassium is lower than
the daily recommendation in nearly every region except China
that just meets the level. Latin America and Caribbean and Sub-
Saharan Africa have relatively higher potassium intakes than
other regions. The estimates for year 2011 show that 90% of
the global population who were at risk of calcium and zinc
deficiency due to insufficient food supply lived in Africa and
Asia (Kumssa et al., 2015). Dietary calcium is highest among
North America and Europe and Central Asia, while lowest for
countries in Sub-Saharan Africa and East Asia and Pacific where
the current diets do not meet its recommended levels.
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Regarding the intake of nutrients of health concern, the intake
of saturated fatty acids exceeds the maximum allowable limit in
North America, Europe and Central Asia, China, Latin America
and Caribbean. The global consumption of sodium is far higher
than the optimal level in many regions. China has the highest
sodium intake of 10.7 g per capita per day, followed by East Asia
and Pacific countries such as Singapore, Brunei Darussalam, and
Japan (Afshin et al., 2019). The global average intake of sugar
far exceeds the EAT-Lancet recommended level and the energy-
dense and nutrient-poor food products like sugar-sweetened
beverages are excessively consumed globally especially in North
America and Latin America and Caribbean (Afshin et al., 2019).

Environmental Footprint of Current Diets
Food or feed production for ultimate human consumption
causes massive environmental damage in the form of greenhouse
gas emissions, eutrophication, water scarcity, land utilization,
biodiversity loss etc., thereby hampering the achievement of
multiple SDGs (Willett et al., 2019). Globally, food systems
contribute to around one third of global GHG anthropogenic
emissions from sources including land-use change (e.g., due
to conversion of forests into farmland/pasture), the enteric
fermentation of ruminants, fertilizer application, and energy use
(Vermeulen et al., 2012; Crippa et al., 2021; Hong et al., 2021).
Food production utilizes ∼40% of global ice-free land surface
(Foley et al., 2011), which not only weakens the carbon sinks but
also undermines the natural habitats of species and ecosystem
intactness (Kastner et al., 2021).

Global food systems in 2010 are responsible for ∼5.2
billion tons of carbon dioxide equivalent direct GHG emissions
(referring to methane and nitrous oxide), 12.6 million km2

of cropland use, 1,810 km3 freshwater use, 104 teragrams
nitrogen and 18 teragrams phosphorus fertilizer application
(Springmann et al., 2018a). Among these five environmental
impact domains with quantitative planetary boundary estimates
for global food systems (Springmann et al., 2018a; Chaudhary
and Krishna, 2019), boundaries for GHG emission and nitrogen
fertilizer use are more difficult to meet with around 40% of
all countries having their average diet-related environmental
footprints exceeding the planetary boundaries (Chaudhary and
Krishna, 2021). The planetary boundaries reflect the maximum
allowable environmental emissions/limits, transgression of which
would increase the risk of Earth system at risk of unwanted
outcomes due to ecosystem destabilization, jeopardizing human
livelihood including the food systems (Steffen et al., 2015).

Figure 3 shows the heterogeneity of environmental impacts
linked with the average daily per capita diets of different
countries. Sub-Saharan Africa has the lowest per capita food-
related environmental impacts on average (Figure 3). Regarding
food-related carbon footprints, most regional average diets are
above or near the planetary boundary except Middle East and
North Africa, and India. Latin America and Caribbean has
the largest carbon footprints embedded in their average dietary
pattern. Per capita current diets in Uruguay, Montenegro, New
Zealand, Serbia, and Australia are associated with the highest
food-production related carbon footprints (>11 kg CO2 eq. per
capita) (Springmann et al., 2020) which might be related to the

consumption of food products such as high-emission ruminant
meat (Poore and Nemecek, 2018).

Regarding nitrogen and phosphorus fertilizer application, the
environmental footprints of national average diet are largest in
China, followed by North America (Springmann et al., 2020).
The associated impacts are driven by the inefficient fertilizer use
andmanure management related to the production of staples and
livestock products.

Regarding cropland, Europe and Central Asia has the highest
footprint per capita, followed by Sub-Saharan Africa and North
America. Per capita cropland footprints are high for countries
such as Niger, Kazakhstan, Australia, Russian, and Tunisia that
source foods from low-yield crops and animals that rely on
large amounts of crop feeds (Figure 3). The extensive grazing
land demand for livestock-sourced foods contribute to high
diet-related land footprints of countries such as Mongolia and
Namibia (Chaudhary et al., 2018a).

Regarding freshwater, diets are associated with the highest
footprints in South Asia, Middle East and North Africa, and
India (Figure 3) where the water use is not efficient especially for
products like rice, legumes, and nuts.

Compared to carbon, land, water, and fertilizer use, the impact
of national food consumption on biodiversity has been less often
assessed in the previous studies. The encroachment of species’
natural habitat due to agricultural land use and the pollution
from nutrient runoffs into water bodies greatly undermines the
terrestrial and aquatic biodiversity of the region and threatens
the species with extinction risk. The EAT-Lancet report estimated
that the current agriculture driven biodiversity loss rate has
already violated the planetary boundary of species extinction rate
(Willett et al., 2019).

Other studies have calculated the food production,
consumption and trade related national biodiversity footprints
and found that high diet-related biodiversity footprint countries
are either the ones that have high species richness density, natural
habitat conversion and small share of imported food products
(such as tropical Central America and Caribbean countries),
or the regions with large per capita food consumption (such as
North America and European Union) and high dependence on
products imported from tropical biodiversity hotspots (Lenzen
et al., 2012; Chaudhary and Brooks, 2017; Chaudhary et al.,
2018a; Estrada et al., 2019).

Exports from Indonesia, Thailand, India, Australia, and
Malaysia embody high biodiversity losses, meanwhile countries
such as United States, China, Japan, and Germany imported
large quantities of products that threaten the species in the
country of production (Chaudhary and Kastner, 2016). Staple
crops, sugarcane, palm oil, coconut, and cassava are responsible
for the most global cropland use induced biodiversity impact,
especially those produced in Southeast Asia (Chaudhary and
Kastner, 2016).

Economic Cost of Current Diets
The local food market price is a key determiner of the dietary
choices, especially for poor people with a limited income.
The affordability of healthy food items for people with low
socioeconomic status is important to ensure food security and
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FIGURE 3 | Ratio of the per capita environmental footprints associated with current diets to food-related planetary boundaries. Environmental footprints regarding

greenhouse-gas (GHG) emissions, cropland use, freshwater demand, nitrogen, and phosphorus application of national food consumption in year 2010 were

estimated by Springmann et al. (2020). Per capita food-related planetary boundaries of global average were based on the estimates of Chaudhary and Krishna (2019)

and Springmann et al. (2018a).

nutritional health (Darmon and Drewnowski, 2015). The price
of foods and the income per household member often together
determine whether people have economic access to the food
that meet their nutritional needs and dietary preferences. For
example, the low intake of fruit and vegetables in low-income
countries was found to be associated with their high relative cost
in the market (Miller et al., 2016).

To estimate the dietary cost, earlier studies sourced food price
or consumer expenditure data from national statistical agencies,
retailer records or consumer survey (Wilson et al., 2013; Donati
et al., 2016; Chen et al., 2019; Reynolds et al., 2019). More
recent global-level studies adopted the nationally representative
retail prices of 680 standard food products across 170 countries
from theWorld Bank’s International Comparison Program (ICP)
(Headey and Alderman, 2019; Hirvonen et al., 2019; Herforth
et al., 2020). Using this dataset, United Nations Food and
Agriculture Organization recently found that the diets satisfying
the daily caloric requirements through cheapest available staple
foods are affordable for almost all people inmost countries except

Sub-Saharan Africa where 15% of population cannot afford even
this calorie sufficient diet (Figure 4).

However, a nutrient adequate daily diet is rather expensive for
many regions as over 60% of population in Sub-Saharan African
and 12–21% of people living in Latin America and Caribbean,
South Asia, East Asia and Pacific, and Middle East and North
Africa cannot afford the least-cost diets which are adequate in
terms of 23 macro- andmicronutrients (Figure 4). Countries like
Sudan, Madagascar, and Liberia would encounter the greatest
affordability barrier where more than 85% of national population
is unable to afford the food products for fulfilling their daily
nutritional requirements (Figure 4).

Achieving the culturally favored healthy diets which follow
the national dietary guidelines is even more challenging.
Three billion people globally cannot afford such a diet. These
recommended diets are often 60% more costly than diets that
fulfill the nutritional adequacy and have nearly five times the cost
of diets that just provide sufficient calories with cheap starchy
staple foods (Figure 4; Herforth et al., 2020). These healthy diets
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FIGURE 4 | Affordability of (A) energy sufficient diet, (B) nutrient sufficient diet, and (C) healthy diets. Higher values (in red) indicate the food is too expensive and not

affordable to local population. The affordability is measured by the percentage of people in each country whose household income cannot afford the cost of the

cheapest diets using locally available items, assuming they can spend no more than 63% of their income on food. For a given country, energy sufficient diet provides

enough calories and is based on the least-cost staple foods, nutrient sufficient diet provides not only sufficient calories but also adequate amounts of essential

nutrients, and healthy diets meet the national food-based dietary guidelines (FBDGs). Values were obtained from Herforth et al. (2020).

are unaffordable for almost 60% of people in South Asia and sub-
Saharan Africa, over 45% of people in South-east Asia and over
20% of population in Latin America (Figure 4). In contrast, the
cost of healthy diets account for a small fraction of per capita
household income in high income regions such as Europe and
Central Asia and North America where just 1–3% of people
cannot afford it (Figure 4).

The high economic cost not only creates the barrier for
the healthy eating but also hinders the possibility of meeting
food related environmental sustainability targets. For example,
the reference diet proposed by EAT-Lancet Commission
which accounts for both human health and environmental
sustainability, is found to be not affordable in many countries.
For low-income countries, the mean daily cost of an EAT-Lancet
reference diet is estimated to be $2.43 (in 2011 international
dollars) accounting for around 89% of the average daily
household income per capita (Hirvonen et al., 2019). The cost
of such diets would account for the smallest fraction (4.4.%)
of average per capita household income for people in North
America and the largest portion (73%) for people living in sub-
Saharan Africa (Hirvonen et al., 2019). Across food groups, fruits,
and vegetables together account for the largest share of dietary
cost on average globally. The share of animal sourced foods (i.e.,
meat, fish, eggs, and dairy) in total cost is highest in low-income
countries at 33%.

Risks of unaffordability in terms of having a healthy diet
are distributed unevenly among subgroups with socio-economic
discrepancy. Even in affluent regions like the European urban
area, the low-income households would have financial difficulties

accessing the healthy diets complied the national dietary
guidelines (Penne and Goedemé, 2020). The case study on
dietary changes in India shows that approximately two-thirds
of the rural Indian population could not afford a recommended
healthy diet in 2011, despite the rapid average income growth
in the past two decades (Raghunathan et al., 2020). High price
of nutrient dense food items creates the financial barrier to
shifting toward recommended healthy dietary pattern. People
would need to spend an additional 2.4 US dollars for a diet
that in line with the EAT-Lancet references in India, primarily
to incorporate increased fruits and dairy products in daily diets
(Gupta et al., 2021).

Besides the consumer’s food purchase ability, another
indicator, the Food Affordability Index considers the
vulnerability to the food price shocks into the affordability
assessment, indicating that Venezuela, Syria, Madagascar and
sub-Saharan countries were most vulnerable to the supply of
healthy foods and had the lowest food affordability in 2019 (The
Economic Intelligence Unit, 2020).

For many regions and subpopulations, the current cost of
healthy diets and nutritious foods is too high in comparison
to the household income levels. The unaffordability could
be a significant barrier for adopting the healthier and more
sustainable diets unless sectors across food systems (e.g.,
production, trade, and market resilience) can facilitate the supply
of the healthy foods such as vegetables, fruits, nuts, and dairy at
lower prices (Hirvonen et al., 2019; Bai et al., 2020). For example,
most of the cost of healthy diets can be attributed to two types
of foods: protein-rich foods and fruits and vegetables accounting
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for 44 and 40% of the total cost, respectively (Herforth et al.,
2020). Financial interventions that target the source of the issue
of unaffordability of healthy food items in a country and reduce
the price barriers to access of these food commodities could
help improve the economic access to healthy diets, especially for
the low income and vulnerable population like children and the
elderly (Rao et al., 2013; Hirvonen et al., 2019; Vandevijvere et al.,
2020).

DIETARY CHANGE AND SUSTAINABLE
DEVELOPMENT GOALS (SDGS)

Dietary Change and SDG2—Zero Hunger
The SDG 2 aims to end hunger and food insecurity (target 2.1)
and all forms of malnutrition (target 2.2) by 2030. This means
that not only can people have enough dietary calorie intake
but also the essential nutrients like protein, fiber, unsaturated
fatty acids, vitamins, and minerals. According to the estimates
of year 2019, 690 million people global still suffer from hunger
meaning their daily diets do not provide sufficient calories.
Over two billion people (26% of the global population) suffer
from malnutrition meaning that they do not have enough safe,
sufficient and nutritious food available (FAO et al., 2020). The
number of hungry people has been slowly rising since 2014
despite worldwide commitment and economic progress. The
world is not on track to achieve the global nutrition and SDG
2 targets by 2030 if the trends of the last 10 years continue.
Today’s food systems still face the challenge from the burden of
malnutrition shown in forms of undernutrition, micronutrient
deficiency, and overnutrition (Popkin et al., 2020). It is clear that
dietary change is needed in each country to achieve progress
toward global sustainable development goals (SDGs).

Several global and regional studies have presented the
required increase or decrease in the intake of individual food
items or food groups necessary to achieve the daily nutritional
needs for different countries. This includes the EAT-Lancet
commissions’ report and other studies that have employed
optimization algorithm to derive a sustainable diet fulfilling daily
nutritional requirements of all essential nutrients (Chaudhary
and Krishna, 2019, 2021). They found that the malnutrition
reduction effects from adopting healthier diets would entail
different strategies and pathways.

For undernourished regions like sub-Saharan Africa and
South Asia, the dietary shifts toward an increase in dietary energy
and increased intake of almost all food items but especially
nutrient dense animal-based products and fruits and vegetables
would decrease the prevalence of hunger, undernutrition, and
deficiency in essential nutrients. Replacing cereals and root
products with diverse non-staple foods could reduce the risk of
dietary nutrient deficiencies in Africa for micronutrients such as
calcium, zinc, selenium, and iron that are associated with 20–
50% inadequate intake among population currently (Joy et al.,
2014; Gregory et al., 2017). A moderate intake of nutrient-
rich fish or livestock products that are produced respecting the
local environmental boundaries would help tackle the hidden
hunger issue in undernourished regions (Beal et al., 2017;

Chaudhary and Krishna, 2019). For example, the nutrient gaps
(deficiency risk >20%) of calcium, iron, zinc, and vitamin A
among coastal population in countries like Namibia, Mauritania
and Kiribati could be resolved by the fish products (Hicks et al.,
2019). To address the iron deficiency and associated anemia, a
diet with iron-rich and nutrient-dense foods like lentils, pulses
(Chaudhary et al., 2018b; Chaudhary and Tremorin, 2020) or
animal-sourced foods is important to ensure the dietary quality
and alleviate adverse health outcomes for children and women
(Black et al., 2008). Although caution must be exercised as
concerns have been reported by some studies on the low iron
bioavailability of plant-sourced foods (Haider et al., 2018). Note
that increased intake of food in the undernourished regions
is likely to increase their environmental footprint as well as
expenditure on daily diets (Chaudhary and Krishna, 2021).

For regions with widely sufficient food calorie intakes such
as North America, Europe, and Australasia, malnutrition in
the form of obesity and diet-related non-communicable disease
prevalence have become an increasing concern (Cooper et al.,
2019; Swinburn et al., 2019; Hawkes et al., 2020). Here the
benefits would result from a restrain of excessive calorie and
unhealthy nutrients such as added sugar and saturated fats
that are consumed through discretionary products (Hadjikakou,
2017). An increased intake of fruits and vegetables (e.g., 250 g
per capita per day more in North America), legumes, and roots,
and a substantial reduction in meat, dairy, and eggs are expected
to ensure the nutritional and environmental targets are met
(Chaudhary and Krishna, 2019).

Adopting an energy-balance and nutrient-adequate diet are
crucial to address the increasing coexistence of undernutrition
and overnutrition (overweight and obesity) for countries
undergoing rapid income growth and food environment
transition such as Indonesia and many other Asian and sub-
Saharan African countries (Popkin et al., 2020).

It is therefore important that governments pursue SDG2
without ignoring environmental impacts in order to avoid
the potential trade-offs between global hunger (as well as
“hidden hunger”) eradication and environment-related SDGs
(e.g., climate action, preserving life on land and water). Dietary
change is often proposed as one indispensable strategy for feeding
the projected future population (SDG 2) and achieving the
climate change target (e.g., 1.5◦C increase limit) simultaneously
(Bajželj et al., 2014; Chaudhary et al., 2018a; Clark et al.,
2020). Ensuring the availability of culturally-acceptable, low-cost,
nutrient dense and low environmental footprint food items is
the major challenge ahead for countries in timely achievement
of SDG2.

Dietary Change and SDG3—Good Health
and Wellbeing
Poor dietary quality is closely associated with the global burden
of non-communicable diseases (NCDs) such as cardiovascular
diseases, type 2 diabetes, and neoplasms. Globally, 11 million
deaths and 255 million disability-adjusted life years (DALYs)
were attributable to dietary risk factors including high intake of
sodium, low intake of whole grains and fruits (Afshin et al., 2019).
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TABLE 1 | Region-specific changes (%) in multiple indicators of sustainability resulting from a transition toward the EAT-Lancet reference diet.

Regions* Environment** Health Nutrition Economic

GHG Land N P Water Mortality NBS Cost

EAP −4 +22 −8 +18 −1 −17 +12 +69

EUCA −60 −15 −24 −24 +11 −25 +2 +65

LAC −64 +1 −16 −13 −5 −24 +3 +53

MENA −21 +1 −17 −11 +9 −24 +4 +61

NAM −73 −24 −38 −38 −4 −23 +4 +26

SA +22 +49 +27 +38 +31 −20 +17 +67

SSA +20 +46 +32 +46 +63 −10 +6 +44

China −47 +6 −13 −7 −16 −20 +1 +69

India +3 +32 −9 +1 −14 −21 +13 +67

*Regions included: East Asia and Pacific (EAP), Europe and Central Asia (EUCA), Latin America and Caribbean (LAC), Middle East and North Africa (MENA), North America (NAM),

South Asia (SA), Sub-Saharan Africa (SSA), China, and India.
** Indicators included: environmental footprints regarding food-related greenhouse gas emissions (GHG), cropland use (Land), nitrogen application (N), phosphorus application (P), and

freshwater use (water); premature mortality (Mortality); Nutrient Balance Score (NBS) which reflects the density of 19 healthy nutrients; economic cost of daily diets.

Values in the table are the population-weighted regional average changes calculated from national values of indicators on environment impact (Springmann et al., 2020), health impact

(Springmann et al., 2020), and nutrition quality (Springmann et al., 2018b).

For economic impact, values are the changes in median cost by a shift from nutrient adequate diet to the EAT-Lancet reference diet composed of the locally available and least-cost

foods in each region. Data were obtained from Hirvonen et al., 2019.

Red shadowed values show an adverse impact such as the increased food-related environmental footprints and daily food costs.

Improving diets can help achieve the SDG 3 that nourish
healthy lives. A growing number of studies have revealed the
association between the reduced disease risks and the optimal
intakes of whole grains, fruits, vegetables, legumes, nuts and
seeds, red and processed meat consumption through indicators
such as mortality and DALYs (Afshin et al., 2014; Li et al., 2014;
Tilman and Clark, 2014; Wang et al., 2014, 2019; Aune et al.,
2016; Mayhew et al., 2016; Springmann et al., 2016; Milner et al.,
2017; Miller et al., 2020). Studies also found that the adherence
to an alternative dietary pattern such as Mediterranean and
Vegetarian diets is associated a lower risk of multiple chronic
diseases (Orlich et al., 2013; Satija et al., 2016; Dinu et al., 2018).
These evidence highlights the potential health benefits from
shifting to an energy-balanced diet containing larger portions of
plant-based and less-processed food products.

If the global population shifted from current diets toward
the dietary pattern that EAT-Lancet Commission proposed, 10–
12 million premature deaths due to NCDs could be prevented
annually, meaning a 19–24% premature mortality reduction
(Table 1; Willett et al., 2019). The mortality reduction from
the recommended dietary shifts is projected to be distributed
relatively evenly across regions, with slightly larger benefits in
Europe and Central Asia, Middle East and North Africa, Latin
America and Caribbean, and upper-middle-income countries
(Springmann et al., 2018b).

For regions whose current diets are composed of abundant
unhealthy foods, adopting the diets that are lower in the meat
amounts and filling the gaps for fruits, vegetables, legumes, and
nuts (e.g., EAT-Lancet, vegan, vegetarian, pescatarian diets) is
projected to bring great population health benefits, with a 23–
8% reduction in premature mortality in Europe and Central Asia,
North America, Latin and Caribbean, andMiddle East andNorth
Africa. Such health benefit estimates are in alignment with the

SDG 3 target 3.4 which aims to reduce one third of premature
mortality from NCDs through prevention and treatment by 2030
(United Nations, 2021). Shifting to the diets that follow the
national food-based dietary guidelines would lead to a reduction
in premature mortality from diet-related NCDs as well but with
smaller effects comparing to the extensive plant-based options
(Springmann et al., 2020).

Indicators that monitor the progress for SDG 2 are also
relevant for the mortality rate of maternal, neonatal and children
under five (SDG 3). Maternal undernutrition contributes to
fetal growth restriction thus increasing the risk of neonatal
deaths. Maternal and child undernutrition is attributed to 35%
of child deaths and more than 10% of total global disease
burden (Black et al., 2008). Ensuring nutrient-adequate and
balanced food intake is one of the crucial interventions for
lowering disease risks and support children to reach their
development potential.

In less-affluent regions such as sub-Sahara Africa and South
Asia, shifting from current staple-based dietary patterns toward
diets composed of a variety of nutritious food products could
improve the energy balance and nutrient adequacy, leading to a
reduction in undernutrition-related mortality.

Previous assessments of dietary changes often considered
the long-term disease consequences for adults aged 20 year
or older (e.g., the reduced premature mortality attributed to
cardiovascular diseases) (Springmann et al., 2018b), however,
did not explicitly address the burden mitigation effect related
to macronutrient and micronutrient deficiency for vulnerable
groups such as maternal and children under 5 years old (Gödecke
et al., 2018; Willett et al., 2019; Zagmutt et al., 2020). Such effect
interconnects with SDG 2 agenda and would have important
contribution to the missions of SDG 3 especially for regions with
large insufficiency in healthy foods and nutrient consumption.
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Dietary Change and SDG 6—Clean Water
and Sanitation
A recent review provides a critical examination of SDG 6 and
its indicators (Germann and Langergraber, 2022). Current food
systems are the largest consumer of global freshwater resources
and to achieve the water scarcity reduction (target 6.4 of the
SDG 6), there is need to improve their water use efficiency.
A transition toward diets composed of foods that demand less
water for production could help reduce freshwater use stress and
avoid violating the environmental flow requirements for healthy
aquatic ecosystems (Jägermeyr, 2020).

Lowering the fertilizer footprints through dietary shifts could
also contribute to the achievement of SDG 6 (e.g., target
6.3), because the nutrient runoffs from fertilizer application in
agricultural farms is among the leading polluters of rivers and
lakes that jeopardizes the supply of safe drinking water. This
impact will be discussed in the section on SDG 14 “life below
water” as the nutrient pollution effect is linked with biodiversity
agenda as well. In this section we will focus on the water scarcity
reduction target within SDG 6.

Earlier studies at the continental scale have reported
substantially high food-related water footprint reduction (by 20%
or more) through a shift toward healthy plant-based options
mainly attributed to a large decrease in water-intensive meat
products (Vanham et al., 2013; Aleksandrowicz et al., 2016).
Water footprints of red meat and farmed fish are on average
higher than plant-based substitutes (Mekonnen and Hoekstra,
2011).

However, global assessments like Jalava et al. (2014) have
illustrated the limited water saving effect of shifting to healthier
diets. A decline of 1% in global freshwater footprint (or blue
water footprint) was observed when shifting from conventional
diets to the WHO’s recommendations on macronutrients, sugar,
fruits, and vegetables (WHO, 2003) at the global level. Recent
study also showed a modest effect on freshwater use reduction
if global population shift toward the EAT-Lancet Commission
recommended reference diet, with 1-9% lesser water demand
(Willett et al., 2019). According to their model, the reduction
in water demand for animal products and feed crops was
compromised by the increased demand for healthy foods like
nuts, fruits and vegetables, which are relatively water-intensive
(Willett et al., 2019). The dietary change effects on freshwater use
would vary across regions. For undernourished regions like Sub-
Saharan Africa and South Asia, improving dietary quality would
be associated with more irrigation water use through increased
intake of foods such as fruits, vegetables, nuts, legumes, animal
protein (Willett et al., 2019).

In this case, solutions that improve water-use efficiency of
food systems are needed (Davis et al., 2016; Rosa et al., 2018;
Vanham and Mekonnen, 2021) along with identification of items
within each food group that have relatively lower water use than
the other items. For example, pistachios and almonds would
not be the sustainable options for filling the intake gaps of nuts
due to their high water footprints at 7,602 and 3,816 m3/ton,
respectively. In contrast, nuts with much lower freshwater
demand like Kola nuts (26 m3/ton) and chestnuts (174 m3/ton)

(Mekonnen and Hoekstra, 2011) might be better alternatives to
meet daily recommended nuts intake amounts. Within animal-
sourced foods, the low-food chain animal products such as
bivalve mollusks, forage fish, and insects are associated with
relatively low freshwater footprint and thus can act as sustainable
alternatives to high food chain and high impact meat products
such as beef or pork (Jalava et al., 2014; Kim et al., 2019).

Another issue is the origin of crop production as the water
use for a particular crop and water scarcity varies widely across
the globe. The freshwater footprint of rice production in Pakistan
and Iran are highest among the rice producer countries, and
one-kilogram of rice produced in India requires more freshwater
than rice in other major producers like China, Indonesia, and
Bangladesh (Kim et al., 2019). Dietary shifts fromwater-intensive
rice toward more water-efficient whole grain choices like maize,
millet, and sorghum could help India in progress toward SDG
6 by mitigating the existing water scarcity while satisfying the
national nutrient intakes (Davis et al., 2018; Chaudhary and
Krishna, 2021). The unsustainable water use driven by food trade
is severe where the regional freshwater resources mismatch their
production scale, thus call for more efficient trade to sustain the
environmental flows (Dalin et al., 2014; Pastor et al., 2019; Rosa
et al., 2019).

Other have demonstrated that a substantial fraction of fruits
and vegetables imports of high-income temperate countries come
from climate vulnerable and water scarce low-income countries
(Scheelbeek et al., 2020). Here expansion of horticulture locally
through novel agricultural systems in temperate water-abundant
countries and dietary shifts towardmore locally grown crops with
lesser water use impacts and trade agreements with producer
countries that seek to improve the water use efficiency of
imported crops through technology transfer or other means can
help progress toward SDG 6.

Dietary Change and SDG13—Climate
Action
SDG 13 calls for urgent actions to combat climate change
and the associated consequences. Growing number of studies
have assessed the measures for cutting the greenhouse gas
(GHG) emissions associated with food systems. Dietary change
is an imperative measure for climate mitigation without
sacrificing other sustainability domains (e.g., food security,
biodiversity intactness) (Bajželj et al., 2014) as for most of world
regions, GHG emissions associated with current per capita diet
have transgressed the food-related carbon planetary boundary
(Figure 3).

Diets with increasing replacement of emission-intensive foods
with plant-based foods would be associated with a decrease in
food related GHG emissions and can help in the achievement
of SDG 13 and the commitments under Paris Agreement. As
shown in Table 2, animal-sourced products in general have
higher GHG emissions regardless of the unit used such as per
weight, per serving, per calories, or per protein content among
alternative food groups (Clune et al., 2017; Poore and Nemecek,
2018; Clark et al., 2019; Willett et al., 2019) and the ruminant
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TABLE 2 | GHG emissions associated with major food groups.

Food group GHG emissions

(kg CO2 eq per kg)

Products included

Beef and lamb 57.50 Beef (beef herd), beef (dairy herd),

lamb and mutton

Fish 20.25 Fish (farmed), prawns (farmed)

Pork 12.31 Pig meat

Poultry 9.87 Poultry meat

Eggs 4.67 Eggs

Milk 3.15 Milk

Sugar 2.51 Cane sugar, beet sugar

Grains 2.28 Wheat, rye, rice, maize, oatmeal,

barley

Nuts and seeds 1.83 Nuts, groundnuts

Legumes 1.39 Peas, other pulses

Vegetables 0.91 Brassicas, tomatoes, onions and

leeks, other vegetables

Fruit 0.85 Apples, bananas, berries and grapes,

citrus fruit, other fruit

Roots 0.74 Potatoes, cassava, root vegetables

Data are sourced from Poore and Nemecek (2018).

meats in particular have emissions more than 20 folds larger than
plant-based products per unit calories (Clark et al., 2019).

Amedian of 22%GHG emission reduction effect was reported
across various meat substituted diets including Mediterranean
pescatarian, vegetarian, and vegan diets and up to 80% reduction
could be achieved by plant-based diets (Hallström et al., 2015;
Aleksandrowicz et al., 2016; Springmann et al., 2018a; Broekema
et al., 2020; Drew et al., 2020). Transition toward healthy diets
in high income and food secure regions has also been shown
to massively reduce their environmental footprint, thereby
compensating for increased environmental footprint due to
transition of regions with high hunger prevalence toward a
nutritionally adequate diet (Hasegawa et al., 2018; Willett et al.,
2019).

Efforts to reduce diet-related GHG emissions can also
bring co-benefits for other SDGs because climate-change brings
hazards and uncertainties to global food systems. Increased
average temperature, change of water availability and salinity
due to elevated carbon dioxide levels in the atmosphere, would
have negative impacts on the crop yields (Challinor et al.,
2014) and even nutrient content of food crops. For example,
Myers et al. (2014) reported reduced levels of zinc, iron,
and protein in cereal and legume products under elevated
carbon dioxide conditions. Evidence on reduced yields of
fruits, vegetables, and legumes due to the increased water
scarcity and salinity driven by climate change has also been
reported (Scheelbeek et al., 2018; Alae-Carew et al., 2020).
Nutrition-sensitive food policy (SDG 2) should therefore take
the climate change impacts into account to minimize its negative
nutritional consequences.

Dietary Change and SDG14—Life Below
Water
SDG 14 focuses on the conservation and sustainable use of
oceans, sea, and marine resources. The overapplication of
nitrogen and phosphorus fertilizer in agriculture production
and the associated runoffs drive the nutrient pollution of
aquatic systems, impeding the mission of SDG 14 due to the
eutrophication in coastal zones (i.e., target 14.1).

Earlier studies have identified that the replacement of
nitrogen-intensive beef to poultry and a reduced consumption
of animal- products could lower the nitrogen requirements thus
mitigating the associated pollution in ecosystems (Bouwman
et al., 2013; Bodirsky et al., 2014). Eutrophication emission
impacts on average are high for animal-sourced products and
farmed crustaceans (e.g., 300 g PO4eq/kg for beef, 50 g PO4eq/kg
for poultry meat) and low for plant-based foods such as fruits,
maize, and cassava with emission <5 g PO4eq/kg (Poore and
Nemecek, 2018). The eutrophication potential embedded in per
capita food intakes would reduce by 10–20% in high-income
countries if people follow the national dietary guidelines that
generally recommend a large replacement of meat, dairy, sugars,
and oils with other crop foods (Behrens et al., 2017). A shift
from current diets to the EAT-Lancet reference diet is projected
to decrease the nitrogen and phosphorus application needs by
around 10% globally (Willett et al., 2019).

Across regions, North America will have the largest
environmental savings with a 38% fertilizer application
reduction if they transition from their current diet to EAT-
Lancet reference diet, followed by Europe and Central Asia with
one quarter reduction (Table 1). As with other environmental
impact domains, the N and P footprint in Sub-Saharan Africa
and South Asia would increase by 30% or more because it
entails increased intake amounts of most foods. The dietary
shifts in the rest of world regions would reduce around 7–17%
fertilizer-associated impact, except the increase in P demand for
East Asia and Pacific and India.

Dietary change to mitigate the nutrient-pollution induced
eutrophication and acidification and protect the life under
aquatic ecosystems (i.e., SDG 14), would complement other
on-farm efforts to improve the nitrogen and phosphorus use
efficiency of different foods (Metson et al., 2021) by increasing
N conversion for livestock production (Lassaletta et al., 2016;
Groenestein et al., 2019) and reducing nutrient overuse during
the cereal cropping practices especially in hotspot regions like
China (Mueller et al., 2012), or to establish vegetative buffers
to prevent the run-off from polluting water bodies (Ramesh
et al., 2021). In addition, cutting down the food related carbon
footprints (SDG 13) through dietary change also interconnects
with the targets of SDG 14 as the elevated atmospheric GHG
levels drive the ocean acidification (target 14.3) that in turn
negatively affects the marine life (Doney et al., 2009; Kroeker
et al., 2013; Lade et al., 2019).

Food production and consumption affect the life below water
inmultiple ways. Fisheries and aquaculture support the provision
of fish and shellfish products which are important sources of
protein and high bioavailable nutrients like polyunsaturated fatty
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acids (Wallin et al., 2012; Zheng et al., 2012). The EAT-Lancet
Commission recommends 28 grams of daily fish intake, yet the
intake in current average diets is below this level across most
regions except East Asia and Pacific (Willett et al., 2019). Thus, to
close the existing nutrition gaps particularly in regions with high
food insecurity, the consumption of fish and other edible aquatic
animal products needs to increase across the globe through
promotion of sustainable fisheries (Bogard et al., 2018; Hicks
et al., 2019).

Currently, the fish sector in food systems is associated
with ecosystem damage from overfishing and unsustainable
aquaculture practices that result in damage to life under water
(Diana, 2009; FAO et al., 2020). The indicator monitoring
the SDG target 14.4 shows that fish stocks within biologically
sustainable level have deteriorated from 90% of stocks in 1974
to 66% in 2017 and more than 30% have been overfished (FAO,
2020). Rapid expansion of aquaculture also contributes to the
resource use and emission associated to fish meal production
(Pahlow et al., 2015; Fry et al., 2016). Effective regulation on
global fisheries is need of the hour that keeps the fish stocks
within biologically sustainable levels and enables the sustainable
expansion of aquaculture production to meet the SDG 14 targets.

Another issue to consider while increasing the intake of fish
or seafood is the type of species or production systems supplying
them because the environmental impacts of fish vary widely.
Across fish and seafood species, mollusks from aquaculture can
have beneficial impacts on ecosystem services (Naylor et al., 2021)
with smallest emissions and energy use, while catfish aquaculture
on average was found to be associated with larger environmental
damages (Hilborn et al., 2018). Regarding production systems,
the recirculating aquaculture and trawling fisheries have higher
carbon footprints than other production methods due to fuel
use, and fisheries involving bottom trawls have more ecosystem
disruption on life under water (Clark and Tilman, 2017). Fish
products from integrated agricultural-aquaculture system (e.g.,
rice-catfish) were found to be associated with relatively low
environmental footprints (Clark and Tilman, 2017). Enhancing
the supply chain technology including processing and packaging
can help improve the environmental, nutritional, economic
impacts of extensively integrating fish and seafood resources into
diets (Bogard et al., 2018).

Dietary Change and SDG15—Life on Land
Notwithstanding the growing efforts, only one-third of countries
are on track to achieve their national biodiversity targets (https://
unstats.un.org/sdgs/report/2020/goal-15/). Agriculture is the
largest driver of deforestation and land use change and occupies
40% of the global land surface (Foley et al., 2011). The expansion
of agricultural land since twentieth century mainly occurred in
biodiversity-rich tropical regions while the land area for food
production in temperate regions shrunk (Willett et al., 2019;
Estrada et al., 2020). As a result, the food-related land use is
associated with the destruction or degradation of the natural
habitats of many species driving them to the brink of extinction
and impeding the progress toward the SDG 15 targets 15.1, 15.2,
and 15.5.

Leclère et al. (2020) showed that adjusting dietary choices
toward a lower portion of animal-based foods could reduce the
pressure on the land for food production while satisfying the
dietary energy and nutritional requirements for the growing
human population. Reflecting the biodiversity hotspots, a shift
toward more plant-rich diets could lower the extinction risks for
various mammal and bird species of the tropical South America
and the southeast Asia, India, and China (Tilman et al., 2017).

Several studies have shown that per serving of cereals,
vegetables, and fruits require less cropland rather than livestock
products and thus transitioning from animal-based to plant-
based diet can reduce the demand for natural land clearing
(Aleksandrowicz et al., 2016; Poore and Nemecek, 2018; Clark
et al., 2019; Chaudhary et al., 2022). Others have shown that a
shift toward the recommended healthy pattern (SDG 2 and 3) in
affluent countries would co-benefit SDG 15 due to a lower land
demand than current average footprints (Behrens et al., 2017;
Ridoutt et al., 2020).

However, the cropland use reduction was found to be
negligible if global food consumption transitioned toward the
healthy diet that EAT-Lancet Commission recommended, with
only 0-2% lesser land demand than current levels (Willett et al.,
2019). According to their model, the reduction in land demand
for animal products and feed crops was compensated by the
increased demand for filling intake gaps of healthy foods like
nuts and legumes, which are relatively low yielding in many
national food systems (Willett et al., 2019). South Asia, Sub-
Saharan Africa, India, and East Asia and Pacific are likely to
have 20–50% increase in the cropland needs for adopting the
EAT-Lancet proposed reference diet, while the adoption of such
diet would reduce one quarter of land footprints embedded in
food consumption for North America, Europe, and Central Asia
(Table 1). At the national level, Chaudhary and Krishna (2021)
showed that a shift toward sustainable diet in India would entail
33% higher per capita land footprint although this increased land
demand can be met if the yield gaps of major crops are filled.

Several studies have explored the consequences of past,
current and future human cropland use and individual food
items on biodiversity (Machovina et al., 2015; Chaudhary and
Kastner, 2016; Chaudhary and Brooks, 2018; Chaudhary et al.,
2018c; Green et al., 2019; Willett et al., 2019; Leclère et al.,
2020; Williams et al., 2020; Benton et al., 2021; Mair et al.,
2021). Animal meat products in human diets are associated
with disproportionately large biodiversity footprints and their
demand is projected to further increase (Machovina et al.,
2015), thus threatening biodiversity across the world (Leclère
et al., 2020; Benton et al., 2021). Across crop foods, staples,
sugarcane, palm oil, and cocoa exported from biodiverse and less
affluent countries including Indonesia, Madagascar, Tanzania,
and Philippines are the hotspots of natural habitat loss and
degradation with consequent negative biodiversity impacts
(Chaudhary and Kastner, 2016; Chaudhary et al., 2018c).

The specific location of cropland use influences the magnitude
of the biodiversity impact because species are distributed non-
uniformly in the world with higher species density in tropical
regions. Transition toward a healthy diet might increase the
clearance of natural habitats for agriculture purposes if regional
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food systems do not consider biodiversity conservation as a goal.
It thus calls for complementary strategies such as the optimized
location of regional crop production to minimize the conflicts
between food provision and biodiversity integrity of ecosystems
(Erb et al., 2016).

Apart from the land-use induced habitat loss and threat,
nutrient runoff and loading due to fertilizer application is also
associated with damage to the ecosystem function and the
terrestrial biodiversity jeopardization. Limiting the agricultural
nitrogen and phosphorus footprint embedded in dietary choices
(SDG 14) could also contribute positively toward the SDG 15.

DISCUSSION

According to current dietary demand trajectories and socio-
economic development (e.g., population, income), global food-
related environmental footprints are projected to transgress all
five planetary boundaries by 2050 in terms of GHG emission,
cropland, freshwater, and nitrogen and phosphorus application
(Springmann et al., 2018a; Willett et al., 2019). Supply-side
efforts such as closing yield gaps, agriculture expansion and
intensification are either associated with an increase in resource
inputs (e.g., fertilizer, water, land) or not enough to meet
the global food demand by 2050 if continuing currents diets
(Bajželj et al., 2014; Springmann et al., 2018a). Moreover,
currently less affluent regions will expect a necessary growth
in the consumption of diverse food products including animal
protein for tackling food insecurity and malnutrition. A shift
toward healthy and sustainable eating pattern worldwide as a
key demand-side measure is therefore imperative for feeding
the global population within a safe living space and progress
toward SDGs.

The interactions between SDGs are complex and their
connections are dynamic for different development levels
(Pradhan et al., 2017; Wu et al., 2022). The co-benefits of
dietary change for mitigating climate change and improving
public health (e.g., obesity, cardiovascular diseases, nutrition)
are often highlighted in different global and national modeling
studies (Payne et al., 2016; Song et al., 2017). However, the
implications for multiple SDGs can be mixed and divergent.
For example, sustainable fish consumption needs to address the
potential trade-offs between biodiversity in aquatic ecosystem
(SDG 15), dietary nutrition (SDG 2, 3), and poverty (SDG 1),
especially for the small-scale fishery communities and the coastal
localities (Blanchard et al., 2017; Hicks et al., 2019). The decision-
making in crop options (e.g., rice vs. sorghum in India) also
needs to balance the dietary nutrition provision (SDG 2, 3) and
the resilience of climate risks in agricultural production (SDG
13) (DeFries et al., 2016). The affordability (SDG 1) of a low-
environmental-footprint (SDG 5, 6) and healthy (SDG 2, 3) diet
is worth examination especially when considering the economic
challenges for poorer communities (Reynolds et al., 2019; Penne
and Goedemé, 2020; Gupta et al., 2021). Overall, our review
advocates the need for comprehensive assessments that can reveal
the potential trade-offs and support an optimal decision-making.
Supplementary Table S1 summarizes the studies looking at the

connection between dietary change and sustainable development
goals (SDG) indicators.

Here in sections below we briefly discuss how to achieve
this dietary transition. No single stakeholders or actors can
catalyze the dietary change; the food producers, industries
(e.g., packaging, marketing), service providers (e.g., menu in
restaurants and school canteens), policy makers (e.g., fiscal
interventions), and food-related culture norms (e.g., traditions,
habits, cooking skills) and so forth would have to together drive
this transition.

Consumer Behavior Change
Consumers make personal choices on what they eat according to
individual preference, meanwhile their choices are also shaped
by their cultural or religious background as well as the food
environment that are composed of various food-related activities
such as available foods in local markets, food price, the perceived
product properties, marketing, and regulation (Herforth and
Ahmed, 2015; Bianchi et al., 2018; Turner et al., 2018).

To broadly achieve a shift from current diets to sustainable
healthy dietary choices, the latest scientific knowledge from
consumer behavior studies could help design the measures.
For example, the social norms including the peer’s engagement
or positive evaluation on vegetarianism and the self-efficacy
meaning a belief in the power of mitigating the adverse
environmental effect via dietary shifts are the top two factors
that drive the behavioral change in food consumption context
(Eker et al., 2019; van Valkengoed and Steg, 2019). For local
communities, campaigns that target modifying the social norms
on dietary habits may contribute to dietary change behaviors
(Rust et al., 2020).

The growing body of scientific evidence reveals the magnitude
of benefits from adoption of sustainable diets, and this can
strengthen the perceived self-efficacy if the findings can be clearly
communicated to different stakeholders and broad audience. For
example, consumers tend to underestimate the environmental
impact of food products, thus providing them correct impact
information through intuitive indicators (e.g., in units like light-
bulb minutes or number of cars on road) as product labels
could facilitate more sustainable purchase choices (Camilleri
et al., 2019; Siegrist and Hartmann, 2019). Particularly in high-
income countries, people given health co-benefit information are
likely to show more willingness to adopt the environmentally-
friendly products or diets (Amelung et al., 2019). For global
and national food-based dietary guidelines, consideration of the
potential impacts on human health and the environment together
is therefore of importance to drive dietary behavior changes
(Lazzarini et al., 2018; Howe et al., 2019).

Apart from the conscious determinants of dietary behaviors
like values and knowledge, the non-conscious and non-
reasoning behavioral processes may also have a discernible
impact on individual demand (Marteau, 2017). Reconstructing
the physical micro-environments such as reducing meat serving
size, providing meat alternative products with educational
information, and changing the sensory characteristics of
the products, were found to be effective in reducing meat
consumption which in turn has sustainability benefits (Bianchi
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et al., 2018; Rust et al., 2020). Similarly, placing more sustainable
and healthy product options on retail shelf and menu and
making them visually prominent can increase their consumption
(Garnett et al., 2019).

Monetary and Fiscal Interventions
Apart from individual behavior changes, fiscal interventions
can also drive the transition from current to sustainable
dietary behaviors. A sugary drink tax in Mexico has decreased
their consumption by 7.6% with the greatest reduction effects
among low-income households that reduced purchases by 11.7%
(Colchero et al., 2017). The tax on sugar-sweetened beverages in
UKwas found to drive product-reformulation by food industries,
reducing sugar intake from soft drinks and inducing positive
population health outcomes like obesity reduction (Briggs et al.,
2017; Bandy et al., 2020).

Fiscal measures like levying carbon tax on food products could
be a viable option for addressing the hidden cost associated
with the foods and motivate a shift toward sustainable and
healthy dietary patterns (Edjabou and Smed, 2013; Pieper et al.,
2020). Though varying across regions, a global carbon emission
tax would increase the market price of animal source products
the most due to their substantially high GHG emissions and
consequently the consumption of beef, milk, and lamb would
have the most reduction (Springmann et al., 2017). On the other
hand, health related taxes on food products which are high
in added sugar, unhealthy fats, or carcinogens could also help
improve the dietary quality and decrease food related chronic
disease risks (Springmann et al., 2018b; Waterlander et al., 2019;
Blakely et al., 2020).

However, such taxes should not hinder the progress toward
ending hunger and malnutrition (SDG 2), especially for low-
income households who will be unable to purchase sufficient and
nutritious foods if the price is raised. To avoid this scenario,
the revenues of environmental tax could be recycled to the
consumers via lowering the price of healthier and sustainable
food like fruits, vegetables, and plant-based protein products.
This revenue recycling can involve direct subsidization (Olsho
et al., 2016; Springmann et al., 2017) or the capital investment
on sustainable alternatives (Mason-D’Croz et al., 2019a,b). The
combination of taxes and subsidies for respective food categories
could help address the underlying dilemma that people living
with poor diets cannot afford the recommended nutritious
foods like fruits, vegetables, nuts, and legumes (Hirvonen et al.,
2019).

Regarding the investments in food systems to achieve SDGs,
developing quantitative indicators capable of discerning the
sustainability performance of alternative products (Chaudhary
et al., 2018b; Chaudhary and Tremorin, 2020; Mair et al.,
2021) and the economic valuation of sustainability benefits from
dietary change (Springmann et al., 2016) could help to guide the
industrial investors and other stakeholders. Governments could
remove systemic barriers (e.g., policy instruments, subsidies, etc.)
to such investments for creating an environment that cooperates
with capital interests and stimulates the business models in favor
of human wellbeing and ecosystem integrity.

To adopt the healthy diets, food systems should improve
their supply of affordable, palatable, diverse, and acceptable food
commodity options (e.g., plant-based protein sources, fruits,
vegetables) for people worldwide (Ferreira et al., 2021). Policy
in this case could help advance the development priorities such
as high yielding crop varieties of insufficient foods [e.g., legumes
and nuts in undernourished regions; Ofori et al., 2021], resource-
efficient agriculture practices (Davis et al., 2017; Rosa et al.,
2018; Rothrock et al., 2019; van Wijk et al., 2020; Jin et al.,
2021; Obirikorang et al., 2021), sustainable fisheriesmanagement,
alternative food and feed (Gold et al., 2018; Caporgno et al., 2020)
through fiscal and other interventions.

Current Data Gaps
Previous global assessments often rely on the food balance sheet
data from United Nations Food and Agriculture Organization
(FAO, 2019) to derive the average dietary intake estimates
at the country level. However, the intake amounts of only
98 primary commodities are available here while in reality
people consume hundreds of processed food products which has
implications for actual nutrient intake as well as environmental
footprints (e.g., nutrient content and footprint of pizza or
pasta is different from its primary product wheat). Although
GENUS database (Smith et al., 2016) improved the resolution
to 225 food items, the intake amounts of many processed items
remain elusive for most countries. Also, in addition to national
average data, the dietary intake data should be available for
different age, gender, region, or income groups for a given
country to better understand the nutritional inadequacies for
devising interventions.

The dietary guidelines should also improve the food item
resolution taking into account cultural acceptability of the region
(Chaudhary and Krishna, 2019). For example, the EAT-Lancet
reference diet includes 16 broad food groups with wide intake
ranges and exchangeable options (e.g., a set of animal and plant
protein sources), which needs further fine tuning for individual
food items to be more useful for personal and policy decision-
making. Emerging platforms like Food SystemDashboard (Fanzo
et al., 2020), Global Burden of Disease (GBD), and Global Dietary
Database (Khatibzadeh et al., 2016) have aggregated extensive
data-based evidence to provide accessible information on food
system and its impacts.

The food composition databases providing nutrient content
per unit mass of foods also need to include data for food items in
the final form in which they are eaten (e.g., pizza instead of just
wheat). Processing of foods through cooking can leads to nutrient
loss and thus considering primary food items instead of final
processed ones can lead to overestimation of nutrient adequacy
of diets.

Huge efforts are still needed to come up with accurate
environmental footprints of different food items produced
in different parts of the world. Previous studies have done
significant works to collect the scattering data points on
environmental footprints of foods in different regions
and production systems (Mekonnen and Hoekstra, 2011;
Clark and Tilman, 2017; Clune et al., 2017; Poore and
Nemecek, 2018; Springmann et al., 2018a,b) but gaps

Frontiers in Sustainable Food Systems | www.frontiersin.org 15 July 2022 | Volume 6 | Article 771041

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Chen et al. Dietary Change and SDGs

remain. For example, emission changes mediated by
the soil carbon stock were insufficiently addressed in
climate change implications of dietary strategies (Ridoutt
et al., 2017). The water footprints should better take into
account the local water scarcity situations (Clark et al.,
2019).

Other issue is quantifying the impact of diets on multiple
domains of the environment rather than on a selected few. Most
existing research focuses on climate change, land use, and water
use impacts, while other impact categories are rarely addressed
(Ridoutt et al., 2017). Environmental burdens such as biodiversity
losses (Chaudhary et al., 2015, 2018c), chemical toxicity from
pesticide use, air pollution linked with food production (Lelieveld
et al., 2015; Blackstone et al., 2018; Domingo et al., 2021) have not
been well quantified when evaluating the impact of global dietary
changes. For environmental sustainability, the future dietary
change studies can utilize recently proposed environmental
footprint family that are directly linked with the SDG framework
(Vanham et al., 2019).

Finally, a harmonized dataset on price of different food items
in different parts of the world is need of the hour. The low
affordability of healthy and sustainable diets could be the key
barrier of realizing dietary changes around the globe while
previous assessment such as EAT-Lancet commission often failed
to examine the economic feasibility of recommended dietary
transitions due to the lack of robust data. This would entail
expanding existing programs such as International Comparison
Program (ICP) of World Bank to include more food items and
making it open-access or compiling retail food price data from
local supermarkets across the globe.

As shown in Supplementary Table S1, indicators used in
the past dietary change studies did not always align with
global SDG indicator framework (United Nations, 2021). In
future, the indicator identification could consider a SMART
manner (specific, measurable, attainable, relevant, time-based)
and learn from the representative case studies in different regions
(Germann and Langergraber, 2022). In the end, all indicative
numbers are tools to help capture the benchmark, progress, as
well as the complexity of sustainability, with the ultimate goal
being locally feasible actions in real world. The scope of this
review was to provide an overview of the studies that have shown
how changing our current diets can help usmake progress toward
six different SDGs, but future studies should carry out an in-
depth quantitative analysis on the potential of dietary change
to contribute toward progress on individual SDG indicators
(Germann and Langergraber, 2022).

We acknowledge that SDG 1 (No poverty), SDG 5 (Gender
equality), SDG 8 (Decent work and economic growth), SDG
10 (Reduced inequalities), SDG 12 (Responsible consumption
and production), and other SDGs are also interconnected
with the performance of food systems (Chaudhary et al.,
2018a,b,c; Alarcon et al., 2021) but presenting quantitative
evidence on their linkages is beyond the scope of this
review. Future research efforts should focus on filling this
gap and present the implications of dietary change for other
SDG targets.

CONCLUSIONS

Agricultural production to feed increasing world population with
rising income levels and globalization is one of the leading
causes of climate change, ongoing biodiversity extinctions,
land degradation, water pollution and ecosystem service loss
(Kastner et al., 2021). Yet, the diets of almost all nations lack
in one or more micronutrients (vitamins, minerals) essential
for human wellbeing (Chaudhary and Krishna, 2019; Chen
et al., 2021). Widespread economic inequalities and the supply
instability risks under emerging disturbances like the pandemic
and climate change may increase the risk for inadequate
and unsustainable diets in near future and thus calls for
urgent research and policy efforts (Kimani-Murage et al.,
2021).

Applying a consistent Sustainable Development
Goals (SDG) framework, here we carried out a
quantitative review of over 200 published articles aiming
to inform national policy makers and food business
companies on which food items and nutrients should
be promoted or discouraged in different countries of
the world to achieve nutritional security and meet
environmental targets.

We highlighted the existing evidence that dietary changes
can lead to win-win outcomes for human society and the
planet revealing the heterogeneity of dietary patterns and the
associated sustainability impact across the world. The dietary
change strategies should consider the diverse needs (e.g.,
undernutrition vs. diet-related non-communicable diseases) and
regional-adaptive solutions (e.g., local food availability, regional
production condition, food preferences, trade partnerships).

Unlike past reviews focusing on a particular world region,
sustainability aspects, or limited number of metrics, the main
strength of our review is the consideration of six SDGs
simultaneously as well as the use of several indicators of
environmental footprint (GHG emissions, freshwater use, land
use, biodiversity loss, nitrogen, and phosphorus application) and
nutritional quality for all countries of the world. This enables
in identification of geographic hotspots and highlights potential
trade-offs in achievement of different SDGs and underscores
the need for breaking silos and adopting an interdisciplinary
approach to solve these problems. No single stakeholders or
actors can catalyze the dietary change toward sustainable food
consumption. Contributions for the food producers (farmers),
industries (e.g., packaging, marketing), service providers (e.g.,
restaurants, retail, school canteens), policy makers (e.g., those
designing fiscal interventions), and food-related cultural norms
(e.g., traditions, habits, cooking skills) and others would together
drive this transition.
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