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Abstract 

 

Food systems are at the center of a brewing storm consisting of a rapidly changing climate, rising 

hunger and malnutrition and significant social inequities. At the same time, there are vast 

opportunities to ensure that food systems produce healthy and safe food in equitable ways that 

promote environmental sustainability, especially if the world can come together at the UN Food 

Systems Summit in late 2021 and make strong and binding commitments towards food system 

transformation. The NIH-funded Nutrition Obesity Research Center at Harvard and the Harvard 

Medical School Division of Nutrition held their 22nd Annual Harvard Nutrition Obesity 

Symposium entitled ―Global Food Systems and Sustainable Nutrition in the 21st Century” in 

June 2021. This paper presents a synthesis of this symposium and highlights the importance of 

food systems to address the burden of malnutrition and non-communicable diseases, climate 

change, and the economic and social inequities. Transformation of food systems is possible, and 

the nutrition and health communities have a significant role to play in this transformative 

process. 
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Why food systems? 

 

Global food systems are at a pivotal turning point, and there is increased attention to transform 

food systems that benefit nature, ensure healthy and safe diets, provide fair wages and 

livelihoods, and are prosperous (1–5). In late 2021, the world will come together to discuss and 

commit to this transformation at the UN Food Systems Summit (UNFSS).  

 

Historically, there have been many calls, summits, and goal-setting exercises to address hunger 

and malnutrition through food policy and dialogue (6,7). Nevertheless, malnutrition and hunger 

remain unacceptably high in many parts of the world, with every country affected by some form 

of malnutrition (8). This year, 2021, is no exception. The UNFSS will focus its efforts to ensure 

that firm commitments are made by nation-states, donors, and private sector actors to improve 

food systems amid increasingly alarming climate change, growing inequities, and a global 
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pandemic. The clarion call leading up to the UNFSS is for food systems to become more 

sustainable while providing better nutrition and health outcomes (9). The Committee on World 

Food Security (CFS) Voluntary Guidelines on Food Systems and Nutrition define sustainable 

food systems as ―food systems that enable food safety, food security and nutrition for current and 

future generations in accordance with the three dimensions (economic, social and environmental) 

of sustainable development. In addition, sustainable food systems must be inclusive, equitable, 

and resilient (10).‖ 

 

Food systems encompass everything from food production (and the ecological systems that 

underlie it) to the processing, packaging, distribution, retail, and consumption of foods, with 

many critical outcomes vital to sustainable development. Such outcomes include providing diets 

for nutrition, supporting livelihoods, and contributing to environmental and social benefits 

(Figure 1) (11). Many components of food supply chains and food environments influence the 

functionality, efficiency, and relationships between food systems and other health, education, 

and economic systems (12). Food systems are complex. They have many moving parts where 

diverse actors pull various levers and push food systems in different directions (13).  

 

Food systems  impact everyone, in that they involve roughly 1.5 billion producers (with one-

third being smallholder farmers managing less than 2 hectares of land) that feed almost 8 billion 

people (14). While the number of producers is significant, there is increasingly a smaller number 

of actors and organizations that control the inputs to produce food (e.g., seeds, chemicals, animal 

breeds) and the trading, processing, packaging, distributing, and selling of food (15).  
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Food systems are critical to the types of foods that are available and accessible to consumers. 

They are the backbone of global diets and have become more connected, globalized, and 

efficient at moving a diversity of food worldwide. While food systems have reaped many 

benefits for society, there are alarming trends that are impacting human health and the 

environment. As diets have become more diverse in the foods offered, a healthy diet remains 

unaffordable for many individuals (16). The composition of diets has also become increasingly 

made up of highly processed, packaged foods that consist of added sugars, high amounts of 

sodium, and unhealthy fats and chemical additives that are detrimental to human health (17–21). 

The quality of the world‘s diets influences health outcomes—the Global Burden of Disease 

attributes the makeup of diets as significant risk factors for mortality and morbidity with 11 

million deaths and 255 million disability-adjusted life years attributable to dietary risk factors 

including high intake of sodium and low intake of whole grains and fruits (22). Diets—and the 

operationalization of food systems—also contribute to significant environmental degradation and 

climate change (1,4,23,24). Demand for animal-source foods is also increasing, particularly in 

emerging economies, which have risks for the environment, including biodiversity loss, 

deforestation, and nutrient run-off into waterways, as well as animal welfare (25,26).  

 

Over the past decades, there have been improvements in overall human longevity as well as 

substantial reductions in poverty but, especially in this era of the pandemic, increasing disparity 

in health and economic status. Many people are still being left behind— many of whom are 

growing our food. Many working in food systems cannot afford a healthy diet and are left 

vulnerable to climate change and will continue to be at risk (16,27–30). The prevalence of 

malnutrition has also not declined fast enough and in many pockets of the planet, with 
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undernutrition, overweight, and diet-related non-communicable diseases (NCDs), such as 

cardiovascular disease, diabetes, and hypertension, worsening (8,31–34).  

 

Considering these challenges, the Nutrition Obesity Research Center at Harvard and the Harvard 

Medical School Division of Nutrition held their 22nd Annual Harvard Nutrition Obesity 

Symposium entitled ―Global Food Systems and Sustainable Nutrition in the 21st Century” in 

June 2021. This paper brings together the speakers from the Symposium and presents a synthesis 

and summary of three of the world‘s biggest problems in the 21st century: the burden of 

malnutrition and NCDs, the consequences of climate change, and the massive economic and 

social inequities within and among nations. All three are directly related to sustainable food 

systems that are shared collectively and globally. 

 

What is inhibiting improvements in nutrition and diets from a food 

system perspective? 

 

Several key food system issues are stymying progress to improve diets and nutrition for many 

populations. While the multiple forms of malnutrition are universal and significant, systemic 

inequities across food systems and overall societal structures influence who has access to healthy 

diets and who is at risk for foodborne illnesses and zoonotic diseases. 
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I. The multiple forms of malnutrition are worsening 

Malnutrition encompasses undernutrition, including childhood stunting, wasting and 

micronutrient deficiencies; overweight and obesity; and diet-related NCDs. Many countries have 

undergone what has been called the ―nutrition transition‖ over the past 30 years, in which 

countries that have become more industrialized and urbanized shift away from traditional diets to 

diets high in fats, sodium, and sugar, and more meat, and increasingly sedentary lifestyles 

(35,36). This transition has resulted in populations struggling with ―double burden‖ of 

malnutrition (see below) (31).  

 

There are some promising trends. There has been almost a 20% decline worldwide in the 

prevalence of stunting—or chronic undernutrition—since the 1990s (8,37). However, in more 

recent years, progress has slowed in some countries. For example, India, where a quarter of all 

malnourished children worldwide live, had the slowest rate of decline in stunting (only 1% per 

year) among emerging countries before the COVID-19 pandemic (38). According to India‘s 

2019 National Family Health Survey, stunting was not on a downward trend and, instead, was 

increasing in several states, including Kerala, Gujarat, Maharashtra, and Goa (39). 

 

The prevalence of wasting—or acute undernutrition—is much lower than stunting for children, 

although the number of children impacted by wasting has remained essentially unchanged over 

the last decade (8). In Guatemala, for example, there is a high prevalence of stunting (47%) but a 

low prevalence of wasting (<1%) (8,40) while increases in overweight in both children and 

adults has been noted. Thus, Guatemala is an example of a country undergoing a nutrition 
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transition in that high consumption of highly processed foods and beverages has led to poor-

quality diets (and shifts away from traditional diets), stagnate stunting, and increasing burdens of 

obesity (41,42).  

 

Overweight and obesity has doubled since the 1980s and now exceed the proportion of the global 

population considered underweight as well as the proportion of adults who are of healthy weight 

(43–46). However, there are some regional differences in these trends. In many high-income 

countries, the Pacific Islands, and some regions of Latin and South America, North Africa, and 

the Middle East, the proportion of overweight and obesity actually exceeds those with a healthy 

body mass index (45,46). In East Africa and Southeast Asia, the proportion of overweight and 

obesity has risen but remains less than the proportion who are underweight (46,47). 

 

The global prevalence of the double burden of malnutrition—which is measured at the 

population level of having a prevalence of child wasting >15%, child stunting >30%, thinness in 

women >20%, and adult overweight >20%—has remained at about 40% since the 1990s (31). 

However, there has been a regional shift. In the 1990s, the burden was mainly in the Middle 

East, North Africa, and Latin America, whereas in the 2010s, the prevalence declined in those 

regions but increased in South and South-East Asia. An increase in the prevalence of overweight 

drove the increases in the prevalence of double burden in these regions (31). The reasons for the 

increased prevalence of the double burden and its shift to low- and middle-income countries is 

multifactorial however changing food systems, sedentary lifestyles, economic growth, and 

globalization trends have led to nutrition transitions in almost every country (20,21,31). 
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What are the consequences of this double burden? Data suggests that children born to women 

with a low body mass index are at an increased risk of developing cardiometabolic diseases as 

adults (48,49). A recent study in Ethiopia showed that children exposed to famine early in life 

(including prenatally and before age 2 years) had an increased propensity of decreased adult 

height and increased waist-to-height ratio (a marker of abdominal obesity and increased risk of 

cardiometabolic disease (50)), further strengthening the evidence of nutritional life cycle 

contributions to the developmental origins of adult diseases (51).  

 

The economic, food, education, and health systems disruptions resulting from the COVID-19 

pandemic will continue to exacerbate all forms of malnutrition. Models suggest that by 2022, 

COVID-19-related disruptions in low- and middle-income countries could result in an additional 

9.3 million wasted children, 2.6 million stunted children, 2.1 million women with anemia, 

2.1 million children born to women with a low body mass index, and 168,000 additional child 

deaths (52). In addition, in the first year of the pandemic, those living in low- and middle-income 

countries who could not afford a healthy diet increased from 43 to 50% (53). Food systems have 

been affected by the pandemic on multiple levels. In almost every country worldwide, segments 

of the population have lost their jobs and are relying on food assistance to feed their families. 

There is also an increase in comfort food eating, including fried foods, sweets, high in fat, sugar, 

salt, and alcohol increases, which could contribute to malnutrition and diet-related diseases 

(54,55).  

 

To address the multiple forms of malnutrition, a multitude of actions across food systems must 

be taken that will be articulated throughout this paper. Double-duty interventions and policies 
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that are actions (e.g. exclusive breastfeeding in the first 6 months of life) that could 

simultaneously reduce the risk or burden of undernutrition, overweight and obesity and diet-

related NCDs are critical (56). Some of these actions that signal food systems include re-

orienting agriculture policies towards producing more nutritious crops, and redesigning school 

meal programs (57). 

 

II. Inequities exacerbate burdens of malnutrition and unhealthy diets  

Socio-economic inequities are associated with nutrition outcomes and are widening in some 

countries (8,58,59). However, there has been little focus on inequities beyond income levels, and 

attention should be broadened to include and examine social and economic  differences related to 

gender, race, ethnicity, or disability (60,61). Other inequities exist beyond who people are and 

where they live globally. For example, in countries and cities further along on the nutrition 

transition spectrum, multiple deprivations in people‘s living environments are also associated 

with poor nutrition outcomes such as obesity and diet related NCDs. There are significant power 

differentials between sizable private sector entities and consumers regarding unhealthy food 

marketing and policy shaped by corporate lobbying (62).  

 

The UNICEF malnutrition framework and the WHO Commission on the Social Determinants of 

Health frameworks have mapped the causal factors that impact malnutrition when rooted in 

socio-economic inequities (Figure 2) (8,60). The immediate causes of inequities that impact 

nutrition are food, care, and health environments. These affect social conditions such as income, 

housing, water, behaviors, and practices—such as health and eating norms and attitudes. 

Underlying those immediate causes are structural causes and interactions such as social 
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stratification (social positioning based on gender, race, ethnicity, age, disability), capital, and 

potential. Finally, the socio-political context supports those structural causes and consists of 

institutions, actors, and ideas that influence the engine of inequity—what people experience daily 

and throughout their lives and across generations. These experiences perpetuate inequities such 

as the unequal distribution of resources and opportunities, exclusion from representation and 

participation, and ongoing social injustices that are both personal and geopolitical such as racism 

and colonialism. 

 

Many factors lead to nutrition inequities. They include greater vulnerability to food shocks (i.e., 

loss of a crop or livestock due to an extreme event such as climate, pandemic or conflict), 

discrimination in accessing health services or food safety nets/social assistance, and differential 

exposure to unhealthy food advertising faced by disadvantaged socioeconomic and ethnic groups 

(63,64). Inequities also stem from fundamental social injustice which can take different forms in 

different countries: racism, casteism, patriarchy, and ableism. These forms often intersect and 

reinforce each other—limiting life opportunities (65) and access to essential goods, services, and 

education—and are associated with poor nutrition outcomes (66).  

 

There are several recommendations to improve equity in nutrition and food systems. First, the 

people most affected by malnutrition and associated inequities must be involved in how food and 

health policies are formulated and enacted to ensure that rights, power, and sovereignty are 

prioritized. Secondly, food and nutrition actors must recognize and begin to understand some of 

the root causes of malnutrition (67), including some of the entrenched forms of discrimination 

that lie upstream from nutrition outcomes, and the power asymmetries that lie in deciding on 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqab315/6370594 by guest on 17 Septem

ber 2021



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

nutrition policy, particularly that of the private sector (19). Finally, nutrition actors can support 

initiatives that strengthen the data used to measure and understand equity. For example, these 

data might incorporate determinants such as age, sex, ethnicity, education, wealth, disability, 

migration status, and geographic location into health, food, and nutrition surveys (8). However, 

given the nature of inequity, it also requires qualitative accounts of inequities at the community 

level to understand the root causes of malnutrition across multiple societal systems.  

 

III. Healthy diets are not affordable for many people in the world 

The real cost of acquiring enough nutrient-rich food to meet national dietary guidelines for a 

healthy diet exceeds the available income for about 3 billion people (38% of the world‘s 

population) (Figure 3) (32). Market prices fluctuate over time and vary in space, but costs per 

unit of dietary energy are higher for fruits and vegetables, fish, eggs, dairy, nuts, and seeds than 

for cereal grains and other starchy staples, vegetable oils, and raw sugar. Even if one tries to eat 

the cheapest form of a nutrient-adequate diet, it is still more expensive than a diet made up 

mainly of starchy staples, oils, and sugar. This is because nutrient-rich foods are inherently more 

expensive as they are more difficult to grow, store, and transport compared to these shelf-stable, 

low-cost products. A balanced diet that meets food-based dietary guidelines calls for even larger 

quantities of these more costly food groups than would be needed just for nutrient adequacy, due 

to their many functional attributes beyond just the essential nutrients that they contain.  

 

The consistently high cost of nutrient-rich foods, combined with low and variable incomes 

around the world, ensures that making healthy diets affordable for all requires safety nets to 

supplement income when needed, and public investment to improve productivity and lower the 
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real cost of production, storage, and distribution for popular, low-cost items in each food group. 

In addition, a wide range of supply chain innovations from the farm to the end-user can help 

reduce consumer costs while reducing the food system‘s environmental footprint by reducing the 

land, water, and energy needed per unit of the nutritious foods needed for a healthy diet (16).  

 

While about 38 percent of the world‘s people have incomes too low to afford a healthy diet, the 

remaining majority could afford to do so but often consume fewer healthy items instead. Many 

factors drive food sales and purchases beyond the affordability of healthy foods in local markets. 

Even if consumers cared only about health, they would face a variety of constraints in meal 

preparation, including cooking time and other costs, as well as knowledge and predictability 

about how much of each ingredient should be purchased and used for a low-cost healthy diet. In 

addition, people have many goals other than health when making food choices. Actual food 

consumption behavior is heavily influenced by other factors, including a person‘s biology of 

taste and satiation, family history and household circumstances, and food companies‘ enormous 

advertising and marketing investments in the promotion of branded foods instead of generic 

items that come directly from farms (68). Affordability of low-cost healthy items is a necessary 

but far from sufficient condition for healthy diets to be consumed. As with transportation, 

housing, and other sectors of the economy, a wide range of policy interventions are needed to 

ensure that items being sold meet consumer needs safely, without causing harm to the purchaser 

or others.  

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqab315/6370594 by guest on 17 Septem

ber 2021



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

IV. Structural and systemic inequities paralyze progress 

In addition to economic barriers, physical access to healthy foods can also significantly impact 

the ability to eat healthily. Food deserts—geographic areas that lack an adequate supply of 

affordable healthy foods, such as fresh fruit and vegetables—disproportionately affect low-

income, non-white, and rural households in the United States (69). Despite local and federal 

efforts, such as the Healthy Food Financing Initiative (70), to address food deserts in the United 

States, the effects of the Great Recession exacerbated conditions for low-income households in 

the last decade (71). Food deserts are not unique to the United States and are prevalent 

worldwide (72,73). Regardless of country or global region, food deserts are more likely to affect 

high-poverty communities.  

 

People living in food deserts often face structural barriers that limit access to healthy diets: an 

overabundance of small food stores (i.e., convenience stores, dollar stores, and liquor stores), 

structural racism, and community violence. As a result, many low-income communities have 

excess unhealthy retailers. These retailers are often called food swamps—areas where unhealthy 

retailers are more abundant than healthy retailers (69,74). However, low-income communities of 

color across the United States are taking steps to increase the healthfulness of their retail food 

environment, which include implementing novel policies that regulate the number of unhealthy 

retailers (75) and partnering with local growers to offer alternative options at farmers‘ markets 

(76).  

 

Structural racism describes systems and societal practices that oppress groups, given their race or 

ethnicity. This form of racism is difficult to document and measure because it is embedded in 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqab315/6370594 by guest on 17 Septem

ber 2021



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

law, policy, and institutional culture. However, it is considered a root cause of racial health 

inequity (77) and contributes to disparities in healthy food availability. For example, redlining is 

an illegal and discriminatory practice of denying services (e.g., financial) to residents of certain 

areas based on race or ethnicity. Although it was banned in 1968 in the United States, but it still 

takes place. Supermarket redlining occurs when a supermarket (often a national chain) closes a 

store in a minority community and relocates the store to a more affluent area. The closing is not 

prompted by economic duress or market competition but is instead driven by urban and logistical 

obstacles such as perceived crime, cultural biases and profitability, often targeting minority, 

disadvantaged and poor populations (78). Supermarket redlining can create food deserts and 

increase food insecurity rates in underserved communities (78).  

 

Violence is widely considered a social determinant of health. Violence and threats to personal 

safety could be a potential deterrent to the access and purchase of healthy food options. The 

availability and density of certain food retailers such as liquor stores, convenience stores, fast-

food restaurants, dollar stores, and supercenters (e.g., Wal-Mart) have been linked to higher 

violent crime rates in the United States (79). Violence may deter the retailer's customer base 

from patronizing the business and influence the owner‘s decision-making around store offerings 

and financial success (79). Overall, these examples demonstrate that structural barriers can 

increase inequities in nutrition and health.  

 

V. Zoonotic and food safety risks are universal 

Zoonoses—diseases transmitted from animals to humans—and food-borne illnesses are often 

ignored by the nutrition community, although they contribute significantly to the burden of 
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disease. The increase in zoonoses can originate from environmental changes (e.g., climate 

change or pastureland change), human activity (e.g., increases in population density and pressure 

on landscapes) and animal ecosystem changes (e.g., mammalian biodiversity) (80). Of the 60% 

of human diseases shared with animals, 75% are zoonotic (81); about half of these are considered 

to be related to agriculture (82). There are two types of zoonotic diseases: neglected zoonoses 

(e.g., brucellosis, bovine tuberculosis, and leptospirosis) and emerging zoonoses (e.g., mad cow, 

bird flu, Severe Acute Respiratory Syndrome [SARS], Middle East Respiratory Syndrome 

[MERS], and COVID-19 [SARS-CoV-2]). Neglected zoonoses are well-controlled in wealthy 

countries because they can be easily prevented with financial inputs into interventions and 

surveillance. However, in low-income countries, they are widely prevalent and can lead to high 

morbidity and mortality. Emerging zoonoses are newly arrived diseases which can spillover from 

a reservoir species to multiple hosts, and (based on their level of transmissibility) have 

significant geographical spread. These zoonoses can have a large impact on high-income 

countries because of a lack of preparedness for such disease emergence. These diseases can be 

sporadic (e.g., rabies) or sustained (e.g., SARS-CoV-2). 

 

The frequency of zoonosis emergence is accelerated by environmental change, including 

agricultural expansion, increasing human population and density, changing human behavior, 

expanding agriculture, and intensifying livestock production to meet the growing demand for 

meat products driving deforestation and increase contact between humans and animals (both wild 

and domesticated). This increasing contact between humans and animals creates opportunities 

for spillover events in which infectious diseases can transfer from one species to another. 
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There is also growing concern about food safety, and consumers will pay more to ensure their 

food is safe. Younger, wealthier, town-residing, supermarket shoppers are willing to pay more 

for safety and will not eat food that is deemed unsafe (83). In the global South and indigenous 

contexts, food safety concerns may drive people away from domesticated meats and lead people 

to consume more wildlife because of the lack of a secure cold chain. Most years of life lost from 

foodborne disease come from pathogens, and >50% of those cases are from zoonotic sources 

(84,85). Food-borne illnesses significantly influence individuals‘ nutritional status (86–88). 

Diarrheal disease is a major risk factor for undernutrition, and poor nutritional status affects 

immunity and can predispose individuals to more severe and/or more frequent infectious diseases 

(89,90). Accidental ingestion of fecal material from food exposed to unsafe water may cause 

food-borne illness and contribute to enteric dysfunction, reducing the absorption of critical 

nutrients (79,80). 

 

To remedy these threats, a One Health or planetary health approach is indicated, requiring 

collaborative, multisectoral, and transdisciplinary approaches — working at the local, regional, 

national, and global levels — to achieve optimal health outcomes recognizing the 

interconnection between people, animals, plants, and their shared environment (91,92). This 

approach is critical to minimize the emergence of future zoonotic disease and food safety threats. 

The health of humans, animals, and the environment are interdependent and self-reinforcing. 

While an important strategy, however, this approach has been less integrated into the field of 

nutrition.  
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What is inhibiting food systems and nutrition from being 

sustainable from climate and ecological perspectives? 

 

Climate change will continue to alter the environmental conditions under which food systems 

operate, reducing food production (93). At the same time, food systems have consequences for 

climate change through greenhouse gas emissions associated with food production and transport 

and alteration of soil and surface properties (94). Food systems are also reliant on a range of 

environmental factors and ecosystem health. At the same time, current food system practices in 

some parts of the world are degrading natural resources and biodiversity at an alarming rate 

(93,95). Agriculture uses 40% of arable land, 70% of freshwater resources, and contributes up to 

30% of total greenhouse gas emissions (1,4,96). These emissions are wreaking havoc on the 

planet particularly global warming, rising sea levels, and climate-related natural disasters 

(93,97). The impacts of climate change also bring inequities with low-income regions and 

populations being more severely impacted from climate change shocks resulting in higher risk of 

food insecurity and decreased capacity to respond and adapt to climate change (98). 

 

I. Climate change is impacting food systems and agriculture productivity  

Relative to 2005 levels, global food demand is expected to grow by 50 to 100% by 2050 due to 

increase per capita consumption (99). However, historical food production yield trends have only 

partially covered increased demand, such that between 2002-2014, for example, 85% of global 

soybean production and 66% of global maize production increases were attributable to the 
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expansion of harvested crop area (100). Another important consideration is that food prices have 

been higher and more volatile since 2000 (101), where price spikes are at least partly attributable 

to a short-term reduction in supply because of adverse weather events as well as policy responses 

such as trade caps and biofuel prioritization (64,102). Increased food prices have also been 

accompanied by a reversal in decades of declines in undernutrition, with undernutrition 

prevalence increasing since 2015 in places such as India and Ethiopia for example (103,104). 

Increased prices of certain foods such as animal source foods including dairy is associated with 

childhood stunting in LMICs (105). 

 

Even under stable environmental agricultural conditions, the ability to meet rising food demand 

and ensure consistent food security is questionable. In this context, the effects of climate change 

are a potentially destabilizing factor in ensuring sufficient food consistently as well as the 

nutritional quality of crops (106–108). Global temperature has warmed by approximately 1 

degree Celsius over the last 50 years and 1.5 degrees Celsius over land (109). Under a high 

emissions scenario, the same increment of warming is expected in the next 30 years (110). The 

2021 Inter-Governmental Panel on Climate Change Report showed that average global 

temperatures have now reached 1.1 degrees Celsius and under every future scenario modeled 

from optimal to worst case, the world will reach a global temperature of 1.5 degrees Celsius in 

the next 20 years. Precipitation and soil moisture patterns are also expected to change but, 

whereas warming is essentially global, changes in water availability will be regional (111). A 

warmer atmosphere holds more water vapor and, thus, can evaporate more when dry and rain 

more when wet, leading to enhanced extremes, and frequent droughts and floods that are already 
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being experienced in different parts of the world. Furthermore, changes in atmospheric 

circulation patterns will change how moisture moves in and out of croplands.  

 

The consequence of a warmer world with a changing hydrological cycle for food production will 

depend on a host of factors. In general, studies have found that higher temperatures are 

detrimental to crop yields (112,113), raising concerns that climate change will suppress the 

growth in yields needed to meet rising demand. Of further concern is that this is coupled with a 

rapidly growing population, especially in sub-Saharan Africa. The implications of changes in 

hydrology are less well understood, with some studies suggesting low sensitivity to precipitation 

and others indicating that precipitation is a poor proxy for available water supply and that soil 

moisture is a first-order control on yields (114). Another important consideration is the ability to 

adapt agriculture to altered climates, including selecting cultivars, timing of planting, and water 

application or retention techniques (115). There is little margin between needs and supply of 

food for too much of the world, and it will be essential to develop better insights into how 

climate change will alter food production in the coming decades.  

 

II. Climate change is impacting food security, diets, and nutrition outcomes 

There are different ways to understand how climate will impact food security and nutrition 

outcomes by pulling together different data types at different scales, including individual 

nutrition information (116), rainfall (precipitation), temperature data (117), and regional 

livelihood zones (118). Observing climate change can be performed by measuring temperature, 

rainfall, and vegetation through remote sensing data and models (119,120). Food security and 
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nutrition outcomes can be measured by the food insecurity experience scale, food access, and 

anthropometric nutrition indicators (121). 

 

A literature review of 90 studies assessed the relationships between potential factors and 

significant indicators of child malnutrition of 107,000 children living in 19 low- and middle-

income countries across six global regions. The review determined that shocks—deviations in 

conditions compared to long-run average conditions due to variations in climate conditions (as 

measured by temperature and rainfall) and violent conflict—were consistent predictors of child 

malnutrition (122).  

 

When examining precipitation and temperature extremes on children‘s diets in 19 countries, 

higher long-term temperatures were associated with lower dietary diversity, while higher rainfall 

in the compared to long-term average rainfall, was associated with higher dietary diversity (123). 

At the regional level, five of the six regions (Asia, Central America, North Africa, South 

America, Southeast Africa, and West Africa) examined had significant reductions in dietary 

diversity associated with higher temperatures. Conversely, three regions had significant increases 

in dietary diversity associated with higher precipitation. In some regions, the statistical effect of 

climate on dietary diversity is comparable to or greater than other factors such as increased 

access to education, improved water and toilets, and poverty reduction interventions (123).  

 

A related study that examined 53 LMICs found that periods of minor to severe drought and 

severe wetness were correlated with lower height for age z-scores (a measure of stunting) among 

children (124). In addition, a recent study found that increased temperatures and decreased 
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precipitation was associated with low birth weight outcomes in newborns, and this relationship is 

mediated by where a pregnant woman lives, and her income, education, and access to electricity 

(125). These studies show the importance of tracking and responding to climate extremes as they 

happen and the potential to move towards timely, targeted food security and nutrition 

interventions to limit malnutrition (122). 

 

III. Food systems and diets are impacting climate change and 

environmental degradation  

Many studies have demonstrated the impacts of climate change on food production, nutrient crop 

quality, food security, diet, and nutrition outcomes (94,126,127). At the same time, there is 

increasing concern about how food systems are impacting human health and planetary health. 

The EAT-Lancet Commission was charged with identifying a path to nourish a global population 

of 10 billion people by 2050 with a diet that is healthy and produced from sustainable food 

systems (1).  

The EAT-Lancet Commission proceeded in four steps: It (1) defined a healthy reference diet 

using the best available evidence (controlled feeding studies, long-term cohort studies, 

randomized trials) (128); (2) defined planetary boundaries (a set of earth system boundaries that 

if transgressed, could be catastrophic for the planet and human populations)  for six critical 

environmental systems and processes including greenhouse gases, cropland use, water use, 

nitrogen and phosphorus application, species extinction rate (129); (3) applied a global food 

systems modeling framework to analyze what combinations of readily implementable measures 

are needed to stay within food production boundaries while still delivering healthy diets by 2050; 
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and (4) outlined strategies to achieve the necessary changes to meet the goal of healthy diets 

from sustainable food systems. 

Based on evidence for health outcomes, the reference diet has been described as a ‗flexitarian‘ 

diet since it is mainly plant-based, emphasizing whole grains, fruits, vegetables, nuts, soy, and 

other legumes. It also includes optional intakes of animal-sourced foods in modest quantities: 

approximately one serving of dairy per day and one serving per day of poultry, fish, eggs, or red 

meat (with red meat about one serving per week). The possible ranges include the option of a 

vegan diet. This flexitarian dietary pattern describes the traditional Mediterranean diet, which has 

well-documented health benefits and is compatible with traditional diets worldwide (130,131).  

Using three different modeling approaches to assess the health benefits of global adoption of the 

reference diet, each model predicted reductions of about 11 million premature adult deaths 

averted annually from the consumption of the usual diet, or about 19 to 24% of all deaths. 

However, the Commission demonstrated that most of the world is quite far from consuming this 

diet, with some countries consuming high amounts of red and processed meats and others 

consuming excess intakes of starchy staples. In addition, most countries consume suboptimal 

amounts of fruits, vegetables, nuts, legumes, fish, and whole grains (Figure 4).  

By incorporating data on projected increases in population growth and dietary trends, the world 

is on track to exceed environmental boundaries by 2050, including greenhouse gas emissions by 

2-fold if food systems do not change. However, we could stay within planetary environmental 

boundaries for food production by adopting the dietary reference targets, reducing food loss and 

waste, and improving agricultural methods using more sustainable practices (21). These changes 

are required to meet the Paris Climate Agreement targets (132). 
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Multiple actions by governments and the private sector will be needed. For example, both hard 

regulations (e.g., high carbon food or soda tax; restricting marketing of unhealthy foods) and soft 

behavior change nudges (e.g., changes to the choice architecture of retail outlets) should be 

considered by governments. In addition, many food environments can be redesigned by changing 

the choice architecture to make changes more manageable and accessible at the workplace, 

schools, and hospitals. However, any nudge or behavior change may have trade-offs and not 

achieve positive outcomes across every spectrum of health, environment, social, or economical. 

What is critical is that the collective aggregate of these changes result in positive outcomes. It 

should also be noted that some individuals and some countries need to make more significant 

changes towards human and planetary health than others (133). The conference did not deeply 

delve into behavior change and the ―demand‖ side of food systems and there is a need for more 

research and focus on behavior economics related to food system transformation (4). 

The cost of meeting the EAT-Lancet dietary targets will vary among countries, but the average 

cost is not significantly different from meeting current national dietary guidelines. In other 

words, consuming a sustainable diet does not add to the cost of a healthy diet because the lowest-

cost items for healthy and sustainable diets include relatively few animal-sourced foods (16). 

Unsustainable and unhealthy choices can be driven by factors other than prices, such as cultural 

and social norms and aggressive marketing by corporations (68).  

 

The EAT-Lancet Commission report was important in that it established global targets that the 

governments could consider when taking action to improve food systems for both human and 

planetary health. The report was limited on recommendations for individuals, and specificities of 
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local action and context, but the goal of the report was to recommend grand-scale changes that 

must take place over the next decade amid a rapidly changing climate. 

 

How to move towards sustainable food system transformation? 

 

I. Moving towards food systems transformation 

How should food systems be transformed, and can these changes be complete in the near term? 

In the process leading up to the UNFSS, many involved have championed the idea that 

transformation must achieve appropriate levels of availability, access, and affordability to a 

sufficient, nutritious, desirable, and safe diet for everyone. At the same time, such diets should be 

produced from sustainable and resilient food systems that promote fair and equitable livelihoods 

and benefit nature in positive ways (9). There is no single solution to enable all nations and 

regions to achieve this transformation (5). What is required is end-to-end thinking and end-to-

end action across the entirety of food systems. There is potential to manage this transformation 

through the co-production of actors that are working on food systems. Co-production is the 

collaboration of practice and research that could help reframe power, empower voices, give 

agency, and navigate differing world views and trade-offs (134).  

 

Figure 5 shows the significant areas of transformation necessary across food systems and the 

policy entry points to do so (2). The first domain is availability—ensuring nutrient-rich and 

staple foods are available for everyone and produced in sustainable ways. What is currently 

grown on the finite arable land around the world is a mismatch with what comprises an optimal 
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diet. Of what is grown around the world, 36% of the calories produced goes to feed animals, and 

only 12% of those calories contribute to the human diet (135). Models suggest that if the global 

population were to consume the WHO recommended amount of 400 grams of fruits and 

vegetables per capita per day, the world currently cannot now nor in the future provide that 

supply of fruits and vegetables in the global supply chain (136). There is a need to rebalance  the 

agriculture sector‘s research and development towards healthy crops, repurpose the sector‘s 

subsidy policies towards nutrient-rich foods, scale-up incentives for nature-positive on-farm 

technologies, and focus on new job creation of non-farm rural food services. International trade 

is also critical—without it, there would be an increase in micronutrient deficiencies such as iron, 

zinc, and folate worldwide (137). However, there is a trade-off to trade. Trade also moves 

unhealthy foods around the world (138,139). 

 

The second area is to improve the accessibility of food for everyone no matter where they live 

and who they are. The more efficiently food moves along supply chains, accessibility is 

improved, costs are lowered, and food losses are lessened. Readily available technologies can 

reduce food loss and waste. Currently, roughly 9-20% of food is lost on farms and in movement 

along supply chains (140). In high-income countries and settings, most food is wasted or thrown 

out at retail outlets, restaurants, and homes (141,142). In addition to bulk food wasted, 18-41% 

of nutrients are lost when food is processed (143,144). The amount of food loss and waste varies 

at different stages of the supply chains. Food losses occur mainly at the food transformation and 

packaging level in Africa, Central and Southeast Asia, and Latin America. In Europe, North 

America, and Oceania, most food is wasted at the consumer level (145). 
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The third area is affordability. As discussed earlier, healthy diets are unaffordable for almost half 

of the world, and that cost does not factor in environmental sustainability traits (16). The cost of 

a diet of minimum nutrient adequacy can be 200% of a household‘s food expenditure in 

countries like Niger or the Democratic Republic of the Congo (146). Ultra-processed foods—

highly processed foods with high levels of added sugars, sodium, and unhealthy fats—are readily 

available and traded, cheap, tasty, and have a long shelf-life (19). These foods are also associated 

with an increased risk for NCDs and weight gain (147–150). 

 

The fourth area is desirability. There is a need to empower people to make choices that inform 

and empower them toward healthy, sustainable diets. Merely making foods available and 

affordable does not mean that people will choose them. While there are significant social and 

cultural norms to acknowledge and build on, encouragement to shift dietary norms will have to 

come in many forms (151). The latter will include behavioral nudges based on changes in the 

relative price of different food categories, use of consumer price subsidies and taxes where 

appropriate, informational gains through front-of-package labeling, advertising of pro-health 

diets, and sustainability rather than cheap empty calories, and more. In other words, the various 

domains of food systems must work together rather than in siloes, and the many instruments of 

policy and investment, retail, and marketing practices must be coherent and consistently pointing 

toward the common goals embedded in the transformation agenda.  

 

II. Managing transformation 

Food systems need to be better managed and governed to ensure that food systems 

transformation is redesigned to improve nutrition and health, ensure environments are 
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sustainable and resilient, promote fair and equitable livelihoods, and mitigate climate change 

(2,152). The first step is to identify multiple wins across policy and investment decisions that 

strive for outcomes where no harm is done. One such example is the restoration of China‘s Loess 

Plateau that had benefits for poverty reduction, natural resource restoration and more jobs (5). 

The second step is to make transparent evidence-based policy decisions and investments that 

systematically analyze trade-offs and choices. The third step is to strengthen institutions and the 

capacity for implementing those relevant decisions. The fourth step is to establish feedback 

mechanisms by allowing for real-time adjustments to policy and process, unforeseen 

consequences, and changing circumstances. And the last step is to identify bundles of 

mechanisms for more coherent system-wide actions rather than minor changes at the margins 

(133). 

 

At the country level, cross-ministerial working groups could identify ways to reconcile trade-offs 

across sectors, short and long-term gains, and constituency impacts. Ministries of finance could 

revise calculations of national poverty lines to focus on the affordability of healthy diets to guide 

safety nets, minimum wages, and pro-poor growth policies. Subnational authorities and city 

leaders should explore vertical/horizontal coordinating mechanisms and ways to bring local 

voices to national prominence and translate national goals into local agency. Civil society should 

be fully engaged to build momentum across all stakeholders via constituent group dialogues, 

while business leaders and networks should commit to functional accountability mechanisms for 

private sector activity across all food domains. Finally, national statistical agencies can set and 

support targets and metrics for food system-wide transformation. 
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Trade-offs (political, economic, societal) are inevitable and must be effectively managed. 

Examining trade-offs through co-production as mentioned earlier or sustainability indices to 

understand which drivers move food transformation in different directions could help navigate 

decisions to address those trade-offs (153,154). Transformation requires coherent actions 

(policies, investments, engagement) across the whole food system. It requires country-level and 

global efforts framed by a vision of the destination and the path to get there. The current UNFSS 

process is the first time that efforts are being framed around a shared vision of food systems 

transformation at country and global levels. For food systems transformation, there is a need to 

address realities of sectoral and interest trade-offs and limits to policy development and 

analytical capacity in low- and middle-income countries. The UNFSS could provide some of this 

support, but what happens at the country level will be critical. The roadmaps and food systems 

transformation pathways the countries have developed will need to be informed by a shared 

vision to align the actions of all food systems actors. Adequate resourcing and accountability 

mechanisms are also essential. 

 

III. Connecting up systems 

There is currently sufficient food available for everyone to be well-fed and well-nourished, yet, 

we still have many people who suffer from hunger (32). This approach could be partly due to the 

systemic failure in how we grow, process, distribute, market, eat, and dispose of food, 

disregarding equity and meeting basic human needs (155). Key components of human health are 

underpinned by and dependent on the determinants of health, which depend on ecological and 

animal health. The degradation of the underlying ecological systems that support food 
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production can lead to adverse nutritional outcomes, and it is critical to support the social-

ecological systems of food production (156).  

 

Several factors determine whether we experience good physical and mental health and well-

being, such as safe food and water, culturally respectful and nutritious diets, empowerment, and 

integrated government action. Underpinning all of these is the other ecological and animal health 

systems that include connections to climate, soil quality, water quality, biodiversity, pollination, 

pests and diseases, nutrient cycling, and animal welfare. Taking a multi-systems approach to 

policy and practice ensures these relationships are not underestimated or separated.  

 

IV. Taking a business unusual approach 

The current industrialized food systems are premised on economies of scale that reduce prices, 

incentivize the externalization of costs, and create growth in consumption and demand. This 

vicious cycle—supply creating demand leading to intensification of supply—is a classic Jevons‘ 

paradox (wherein a technological improvement in the processing of a resource leads to increased 

demand for this resource) and, in turn, creates a greater need for land and intensifies competition 

for water, energy, and inputs (157).  

 

Greater focus should be on the efficiency of the overall food systems transformation rather than a 

primary focus on the efficiency of agricultural productivity (158). The policy focus should be 

broadened to ―what should we grow, in what quantities, and how?‖ and away from simply ―how 

do we grow more.‖ For this to happen, there needs to be greater recognition of the values 

associated with food and the true cost of food instead of driving to minimize food prices and 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqab315/6370594 by guest on 17 Septem

ber 2021



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

maximize consumption (159). Diets based on the principles of improved nutrition, in turn, could 

spur more diversified and circular agriculture systems, which improve the heterogeneity of 

production systems (and the environmental benefits this brings) and increase the sustainability of 

agriculture (158).  

 

However, getting the incentives right is vital: encouraging healthy dietary patterns with less 

reliance on animal-sourced foods; reducing food waste; allowing land use to become more 

sustainable, and reducing future impacts from climate change and biodiversity loss. Reorienting 

incentives, in essence, can create virtuous and less vicious cycles—a business unusual approach. 

 

V. Changing social narratives  

Social narratives are deeply embedded mental models that influence how we think and what we 

do. Transformational change in food systems will not occur without a shift of narrative, 

mindsets, assumptions, and most importantly, an inspirational vision of what is possible. For 

example, today, one prevailing narrative underpins and enables the current industrial food system 

to focus solely on the quantity of food and calories produced and is based on assumptions that 

we need to maximize yields by ―doubling food production by 2050‖ (160). Efforts to minimize 

the social, health, or ecological costs are considered but seen as less important than the goal of 

increasing food production to ―feed the world‖ (7,161,162).  

  

This narrative shapes how food is produced, harvested, processed, distributed, marketed, 

disposed of, and eaten. It influences research, investments, policy priorities, and practices across 

the food sector, from governments and research establishments to educational curricula, 
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investors, and businesses. Table 1 highlights several more examples of how we need to shift the 

prevailing social narratives to new narratives.  

 

Table 1: Changing the Prevailing Social Narratives 

Prevailing narrative  New narrative  

―We‖ feed the world, often driven by the 

Global North. 

The world feeds itself: citizens and 

communities grow their foods with dignity, 

retaining rights to their products and access to 

markets. 

Food is seen as a commodity. Healthy and sustainable diets are seen as a 

public good with farmers, producers, citizens, 

healthcare professionals supported and 

incentivized to promote health. In addition, 

local and regional food systems and resilience 

are prioritized. 

Policy addresses hunger in isolation. Hunger is addressed with a healthy, nutrient-

dense diet-centered approach that addresses 

malnutrition in all its forms (hunger, obesity, 

micronutrient deficiencies). 

Unhealthy, unsustainable, culturally 

inappropriate food choices are an unavoidable 

by-product of prevailing food environments, 

economics, and what people want to eat. 

Food environments enable and motivate 

people to eat a diversity of foods in healthy 

proportions, sustainable, and culturally 

respectful ways. 

Systems and practices treat ill-health and take 

a curative approach to healthcare provisions 

on diet-related health problems. 

Conditions promote good health and a 

preventative approach to healthcare 

provisions, and there is a focus on preventing 

diet-related diseases through healthier 

consumption patterns. 

The responsibility falls on the individual, with 

little focus on addressing food environments 

and underlying determinants of health. 

Focus is on health and sustainable diets as a 

public good, healthy food environments & 

underlying determinants of health with all 

food systems actors striving to make a 

positive contribution. 

Emphasis is on a global search for single 

solutions. 

A diversity of contexts requires a diversity of 

solutions with multiple food systems entry 

points aligned by a shared food systems 
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vision. 

Low- and middle-income countries should not 

be burdened with climate mitigation when 

hunger is still a huge priority. 

All countries must contribute to climate 

mitigation; otherwise, we will not meet the 

Paris targets, and climate change‘s devastation 

will make low- and middle-income country 

settings worse with a limited resource base for 

coping strategies. 

 

In the COVID-19 context, there is an urgent need for a new narrative and vision for global food 

systems. Equally at the heart of this vision is that all actors actively shape and contribute to 

healthy, equitable, renewable, resilient, just, inclusive, and culturally diverse food systems. It is 

not the privilege of any stakeholder group to determine the future of food. Such a new narrative 

would enable and inspire diverse actors to identify and prioritize the policies, practices, and 

business models that align human, ecological, and animal health outcomes. 

 

Conclusion 

 

The 22nd Annual Harvard Nutrition Obesity Symposium highlighted the importance of the 

nutrition and health communities in contributing to this transformative food systems agenda. 

Therefore, it will be necessary for these communities to engage in the UNFSS. The Summit aims 

to launch bold new actions to transform how the world produces and consumes food, delivering 

progress on all 17 Sustainable Development Goals as part of food system transformation. There 

are five main action tracks: 1) Ensuring access to safe and nutritious food for all; 2) Shifting to 

sustainable consumption patterns; 3) Boosting nature positive production; 4) Advancing 

equitable livelihoods; 5) Building resilience to vulnerabilities, shocks, and stresses. The solutions 
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derived from these action tracks and coalitions need to address the profound global and local 

problems linked to food systems, widespread poor diets, and different forms of malnutrition; the 

climate crisis and environmental degradation; and the challenges of inequities, safety, and 

sustainability of livelihoods.  

 

The ambitious aims of these action tracks reflect the urgency needed by every actor who engages 

with food systems; however, the nutrition community has a leadership role to play (4). Now is 

the time for nutrition scientists to collaborate with other sectors, disciplines, and experts to make 

shifts in food systems and put them on a trajectory toward lasting sustainable development. 
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Figure 1: Food Systems Framework 

Source: (163) 
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Figure 2: Inequities across nutrition 

Source: (164) 
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Figure 3: Global population unable to afford a healthy diet in 2017 

Source: (16); Map available online at https://www.datawrapper.de/_/6LhIP 
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Figure 4: The dietary consumption of food groups regionally as compared to the EAT-Lancet 

reference diet 

Legend: Shows the diet gap between global and regional dietary patterns in 2016 and reference diet 

intakes of food. The dotted line represents intakes in reference diet. Data on 2016 intakes are from the 

Global Burden of Disease database. 

Source: [1] 
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Figure 5: Necessary food system transformations and policy entry points 

Source: (2) 
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