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Abstract  
 
This evidence review summarizes recent thinking and research findings on how agriculture and 
food systems affect diets and nutrition. It identifies gaps where new work is needed to guide 
policies and the investment in evidence-based programs in low-income countries.  
 
Since 2008, the primary focus of agriculture-nutrition research has been how a household’s 
production may affect the nutrition of women and children, mainly through eating their own 
produce or selling commodities and using that income to purchase more diverse, sometimes 
higher-quality diets. Key findings of this work concern the generally positive value of 
productivity and production diversity; the value of livestock ownership for potential 
consumption of animal-source foods; the importance of gender roles in time-use, decision-
making and control of own-produced products; the importance of access to markets (for sale 
and purchase); ‘market literacy’ when selling higher value (nutrient-rich) foods; the importance 
of food safety (particularly managing mycotoxin risks); ‘next generation’ technology adoption 
that adds value to nutrient-dense foods (moving towards innovations in processing, drying, 
storage and transportation); and the importance of linking agricultural and market interventions 
to effective behavior-change communication to achieve nutrition gains.  
 
At a more macro level, recent research has also provided insights into the role of climate 
shocks and seasonality on birth outcomes and child growth, which links to growing concerns 
about the importance of building resilience for agricultural livelihoods, and smoothing diet 
quality and nutrition outcomes.  There is also realization of the importance of rural markets 
and infrastructure relative to the delivery of nutritious commodities.  
 
Emerging priority issues requiring deeper research-based understanding include: i) empirical 
evidence of pro-resilience interventions at different points in the food system that protect diets 
and nutrition in the face of shocks and climate change; ii) innovations and scale-up of 
productivity-enhancing technologies/practices along the value chain relating specifically to 
nutrient-dense foods; iii) impacts of agriculture-based interventions for adolescent girls’ diets, 
micronutrient status and energy expenditure, and those of women of reproductive age; iv) 
drivers of consumption choice among low-income smallholder households close to markets 
(with access to diverse and nutritious foods to purchase); v) comparison of cost-effectiveness of 
alternative approaches and entry points in the food system for changing behaviors on adoption 
of new inputs, behaviors regarding food choices, and impetus to market farm outputs; vi) 
combined food safety threats in relation to health and nutrition at household level; and vii) 
untangling WASH elements to gain better understanding of which interventions can have 
measurable impacts on nutrition 
 
Underlying all such research streams has been important emphases on the validation of 
appropriate metrics, whether in the realm of agricultural production, food markets, or nutrition 
and health, to better understand problems and promote solutions focused on determining the 
relative cost-effectiveness of multisector versus single-sector approaches, and on meeting 
appropriate thresholds of empirical evidence to underpin informed policy and program designs.  
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Summary of Findings   
 
Food systems are changing rapidly due to globalization, urbanization, demographic shifts and 
climatic conditions. These changes pose emerging threats to the food system that point to an 
urgent need for rigorous research on cost-effective strategies to ensure adequate, safe and 
sufficient nutritious foods for all. Since many low and middle-income countries are now faced 
with a triple burden of malnutrition (undernutrition coupled with obesity and micronutrient 
deficiencies), understanding the role of food systems in determining population health has never 
been more important. Food systems and nutrition outcomes are linked through several food 
and time-use pathways, involving agricultural supply chains that bring foods from production to 
consumption through processing, distribution, and marketing, as well as through the drivers of 
physical and economic access to different types of foods.  
 
The aim of this review was to identify opportunities for action that could contribute to 
systemic change that improves diet quality, particularly for nutritionally vulnerable people in low 
income settings. The review summarizes research findings and presents future research 
opportunities around the production of nutrient-dense foods, agriculture-nutrition linkages at 
population scale, food processing, food safety, and food loss and waste. It also reviews evidence 
on several cross-cutting issues that have implications across the food system for nutrition and 
health, such as gender, resilience, and sustainability. A summary of the key findings of the 
synthesis follow.  
 
Agricultural production of nutrient-dense foods 
 

1. How do crop genetics, biotechnologies, and agronomic management influence nutritional status? 
 
Crop technologies, such as biofortification and other genetic improvements, water and soil 
conservation, and other steps towards improved land productivity, show potential for a positive 
influence on nutritional status. Steering these changes towards production of more nutrient-
dense foods is a key first step towards healthier diets. So far, empirical evidence of impact at 
scale remains weak. The many papers in this space are often based on small case-studies or 
theoretical projections derived from modelling. Empirical evidence from large field-based 
studies remain scarce.    
  

2. How do livestock interventions influence nutrition? 
 
Livestock genetic improvement and ownership can complement crop production to improve 
nutritional status through the supply of animal-source foods; but it can also introduce new risks 
linked to poor food safety, sanitation and zoonotic disease. The importance of milk, eggs, fish 
and other animal-source foods (ASF) for growth and development in children is increasingly 
well-documented and reviews of livestock ownership interventions show these interventions 
can be successful in improving growth outcomes and micronutrient adequacy. For example, 
ownership of milk-producing animals is associated with improved linear growth. That said, the 
greatest gains typically accrue to larger-scale production and already less-poor households. 
What is more, some studies also find negative effects of livestock ownership on nutritional 
status, especially under conditions of poor sanitation and animal diseases. There is emerging 
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research on the role of fecal-oral transmission of pathogens in the pathogenesis of poor gut 
function with subsequent malabsorption of nutrients. The implication is that management of 
livestock to prevent pathogen dispersal is key to capturing the potential gains from own-
consumption of ASFs and/or great diet quality via sale of livestock products.    

 
3. What evidence is there to support market access as an intervening variable between 

agricultural production and consumption? 
 
Research on food environments, market prices and purchased foods in rural areas of low- and 
middle-income countries is limited, but there is growing evidence that transitioning from self-
provisioning to greater reliance on markets is particularly helpful to improve resilience and 
stabilize diet quality, by reducing dependence on highly seasonal and unstable local production. 
Empirical studies in Africa and Asia increasingly show that production diversity and diet 
diversity from own production are both strongly mediated by access to markets. Greater use of 
markets poses its own risks, however, necessitating more research on how market actors in 
the private and public sectors can best improve rural households’ access to nutritious diets.  
 

4. Do homestead food production programs aimed at increasing household production of diverse 
foods impact nutritional status?  

 
There have been many studies and reviews of homestead food production and nutrition-
sensitive agriculture in recent years. Most report that fruit and vegetable production can reduce 
anemia and vitamin A deficiency, and in some cases, decrease incidence of diarrhea and wasting 
in children and women. So far, there is limited evidence of homestead gardening impacts on 
stunting. While homestead food production and nutrition-sensitive agricultural interventions 
have been relatively successful at increasing diet diversity and animal ownership, which in turn 
have led to some measurable decreases in micronutrient deficiencies, the weakness of 
correlations between these interventions and anthropometric outcomes raises questions about 
how to set appropriate program expectations.  
 
Agriculture nutrition linkages at a population-wide scale 
 
How do trade policies, markets, and food prices impact food availability, and ultimately nutritional 
status? 
 
Trade policies, market function, and food prices act together in multiple ways to influence the 
food environment. There is abundant evidence on how trade affects food security, but its 
impact on nutritional status are less well-established. There is a clear need for more research 
about how different kinds and scales of food markets affect diet quality and nutrition for 
consumers through fluctuations in food prices. At the same time, more evidence is needed of 
successful policy and program interventions that measurably affect the affordability of nutrient-
rich foods relative to starchy staples, and the affordability of healthy diets by low-income 
households across seasons and years.  
 
What evidence is there about ways to reduce constraints on producing and consuming a variety of 
nutritious foods?  
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In low-income countries, existing markets generally deliver relatively expensive perishable 
nutrient-dense foods to higher-income consumers. There is typically poor market connectivity 
among rural populations, and limited processing, storage and preservation options, which limits 
their access to a diverse set of nutritious foods year-round. There are evidence-based options 
for reducing constraints on production and consumption of many nutrient dense foods, but risk 
management and market relationships remain significant barriers to specialization and private 
sector growth. Further research into market information systems that can provide accurate 
information to farmers, and the use of producer organizations or contract farming to reduce 
risks and increase access to information could prove important in encouraging production of 
nutritious foods and improved nutritional status.   
 
What levers can shape consumer demand for nutritious foods? 
 
The food environment is instrumental in shaping demand for nutritious food through the 
influence of many factors: prices, consumer income, information, beliefs, habits, culture, 
demographic status (age, education), food preparation time and convenience, storage capacity 
(refrigeration), and of course taste. Two of the most powerful influencers of demand for 
nutritious foods are price (relative and absolute) and consumer purchasing power. That said, 
the food environment can also modify the effect of income on dietary choices. Safety nets as 
well as taxes and subsidies can alter consumers’ purchasing power for healthy foods and 
discourage the purchase of less nutrient-dense foods. While it is difficult to find evidence of the 
effects of taxes and subsidies in low- and middle-income countries (LMICs), because few 
developing countries have implemented such policies, there is promising evidence from higher-
income countries that these policies can be effective in improving dietary behaviors and 
nutritional status.  
 
A common approach to impacting the price/income pathway in LMICs is through the provision 
of social safety nets or transfers such as food vouchers or cash. Access to information is also 
important. Consumer education, advertising campaigns, and labeling can impact nutritional 
status by providing more information about what is in a food product, so consumers can make 
more informed decisions. While some governments and non-governmental organizations have 
had success in influencing consumption of nutritious foods through behavior change campaigns 
and education, more research is necessary on the best ways to convey information about 
nutritious foods to populations in which many have not had formal schooling. Food-based 
dietary guidelines can also be used to promote healthy nutritional choices, serve as the basis for 
educational sessions in food retail centers or workplaces, and set standards for feeding 
programs such as school feeding; however, most low- and middle-income countries have yet to 
implement such guidelines, so evidence is lacking on their effectiveness in promoting healthy 
choices. 
 
Food Processing  
 
What evidence is there about the effects of food processing on nutrition? 
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Food processing is not inherently bad. Most foods consumed globally are processed, and certain 
forms of processing (such as drying for preservation, micronutrient fortification, and removal of 
toxicity) have well-known positive effects on nutrition and health. It is the growth of ultra-
processed and packaged foods and consumption away from home that are of concern globally, 
including across diverse populations in LMICs. Increased use of limited cash for the purchase of 
ultra-processed foods has been linked in many settings to increases in BMI and non-
communicable diseases such as diabetes and cardiovascular disease. This trend is now seen in 
low-income settings, where infants and young children consume packaged salty snacks, instant 
noodles and high-sugar/high-fat confectionaries in rural as well as urban contexts. Given the 
speed of these changes, understanding the nutritional and other effects of food processing is 
among the urgent elements of food systems research. In addition, it is important to determine 
how policies and programs can better inform consumers and shift relative prices to empower 
poor consumers to make better dietary choices, including in remote rural areas. 
 
Food Safety 
 
What is the link between food safety during food production and nutrition? 
 
Application and compliance of food safety standards and sound agricultural practices can help 
reduce foodborne illness for the members of farming households as well as for buyers and 
consumers. Further research is called for to better understand the dietary consequences of 
exposure to food safety issues that occur during production (i.e. pesticide and antibiotic use, or 
water and irrigation practices), as well as research into mitigation of risks from these food 
safety issues. 
 
What are the food safety issues that affect nutrition in the post-harvest phase, and how can they be 
mitigated? 
 
Poor sanitary facilities (e.g., wet markets, warehouses) and poor personal hygiene can result in 
food contamination during the post-harvest period. Appropriate infrastructure is necessary to 
facilitate good hygiene practices and protect foods from flies, other insects or rodents that may 
spread pathogens to food. In addition, poor agricultural practices, inadequate drying, and sub-
optimal storage conditions can result in production of mycotoxins, natural contaminants of 
food and agricultural products. New evidence is emerging of important direct links between 
foodborne toxins (mycotoxins) and birth outcomes, controlling for wealth and education, and 
separate from other factors known to underpin birth outcomes. That aflatoxin levels in 
mothers’ blood can impair good births, independent of smoking, maternal stature and other 
factors, represents a significant new domain for research. Going forward, it will be important to 
determine if effects seen at birth persist during child growth, how the mother’s health and 
nutrition is affected by high mycotoxin levels (aside from poor birth outcomes), and what cost-
effective interventions and practices can help smallholders better understand and manage food 
safety threats.  
 
How are marketplace food safety issues related to nutritional status? 
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If markets lack appropriate infrastructure, food safety can be compromised. There is little 
evidence about food safety in markets in low- and middle-income countries; however, informal 
markets in low- and middle-income countries often lack storage and cooling facilities for 
perishable food items, jeopardizing food safety. Studies have also found high microbial loads in 
market products. Another area of interest in marketplace food safety is that of the sale of 
expired foods. We find no recent studies about expired products sold by vendors or in 
markets in LMICs, despite the importance of food expiration for food safety in the marketplace. 
 
How is food safety in the home connected to nutritional status? 
 
Even if foods remain safe throughout the value chain, if they are not properly handled at the 
household level by consumers, food quality and nutrition can be compromised at this stage, 
leading to foodborne illness. The water, sanitation, and hygiene (WASH) environment of a 
household can impact food safety during consumption, which subsequently impacts nutritional 
status, especially among children. After frequent gastrointestinal infections due to exposure to 
environmental pathogens, children may develop EED and experience growth faltering. Evidence 
from two recent large trials, testing the effects of adding WASH interventions to food 
supplementation to influence nutritional status, have shown null effects of handwashing, water 
decontamination tablets, and latrine construction interventions on growth outcomes. The lack 
of evidence for a correlation between improved WASH and growth necessitates further study 
of the causal pathways for EED, including how environmental contexts and food safety 
throughout the food system influences health and nutrition outcomes. 
 
Food loss and waste 
 
How have advancements in technologies used at the household level mitigated post-harvest loss and 
impacted the availability of nutritious foods? 
 
At the household level, post-harvest losses can affect both the income of farmers as well as the 
availability of sufficient food. A significant research gap has been noted around the mitigation of 
post-harvest loss, particularly of high-value/nutrient-dense crops such as fruits and vegetables. 
Within the context of reducing producer constraints due to post-harvest losses, simple on-farm 
innovations and management practices do exist and have the potential to encourage production 
of perishable nutrient-dense foods. While these innovations may hold promise, their feasibility, 
cost-effectiveness and scalability for increasing production, access and availability of fruits, 
vegetables, and animal-source foods remains to be seen. 
 
How can population-level interventions minimize food loss? 
 
At the population level, major causes of food loss in low- and middle-income countries are lack 
of market access, poor harvest timing, rough handling of produce, and poor storage facilities. 
Improvements to market infrastructure and technology could potentially reduce food loss, but 
better measurement of food loss is needed to evaluate the efficacy of such improvements.    
 
Cross-cutting themes 
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What evidence is there for the role of gender in food systems-nutrition linkages? 
 
Women represent a large portion of the agricultural sector yet are often subject to barriers 
such as limited decision-making and mobility autonomy that constrain their agricultural choices. 
As the primary caregivers, these limitations make it a challenge for women to provide sufficient 
and adequately nutritious foods to both themselves and their children. Increased access to 
agricultural assets among women has been shown to increase investments in child nutrition. In 
addition, while increasing numbers of studies use the Women’s Empowerment in Agriculture 
Index (and related off-shoots) to collect data on women and agriculture, most use this 
information descriptively as opposed to using it as a basis to determine the impact of nutrition-
sensitive or food system-wide interventions on empowerment outcomes or nutrition. Too few 
have studied energy expenditure and time-use/opportunity costs for women of different 
interventions to determine the distributed cost-effectiveness of interventions within rather than 
just across households. 
 
How can food systems lead to resilience and ensure sustainability? 
 
A focus on resilience and sustainability of food systems is important if we are to achieve food 
and nutrition security in the face of climate change. A crucial dimension of food systems for 
resilience and nutrition is the diversity of agricultural production, which also contributes to 
social and ecological sustainability through decreasing the potential for pest outbreaks and 
pathogen transmission and increasing crop security in the face of climate change, as diverse 
crops react differently to different conditions. Few empirical studies focus on actually measuring 
potential resilience-building facets of food-based interventions, and fewer still consider long-
term sustainability.   
 
Metrics and indicators for agriculture, food systems and nutrition 
 
To conduct successful and meaningful research on agriculture and food systems for nutrition, 
agreement is needed on the most appropriate indicators to measure each step of change, with 
the indicators chosen appropriately matched to program activities and interventions. 
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Summary of research opportunities 
 
Topic Overarching research opportunities 

Agricultural production of nutrient-
rich foods 

§ Assess the potential for biofortified crops to impact health and 
nutrition outcomes and to be adopted and scaled up through 
markets 

§ Establish impacts of use of land productivity inputs and 
livestock ownership on diet and nutrition outcomes  

§ Invest in research examining the effectiveness of new 
technologies to improve feed efficiency and yield 

§ Understand relationships among market access, structure and 
human nutrition and health 

§ Further evidence on theory-driven program design to scale up 
nutrition sensitive agricultural programs   

§ Assess program scalability (e.g. homestead gardens) and 
potential for sustainability (e.g. exit strategies) 

Agriculture-nutrition linkages at 
population scale 

§ Research on how trade policies, market infrastructure and 
intermediaries impact nutritional status  

§ Understand how local markets function and how they can be 
improved  

§ Understand how market information systems, contract farming 
and subsidized crop insurance impact risk mitigation and 
encourage production   

§ Understand the degree to which prices, taxes and subsidies 
constrain or encourage healthy diets, considering different 
demographic groups/settings and the effect on private sector 
engagement   

§ Develop standardized definitions for healthy and unhealthy 
foods and determine the best ways to convey information 
about nutritious foods and nudge consumers towards healthier 
choices 

Processing § Research on food processing for better efficiency in 
production with fewer resources and lower waste production  

§ Cost effectiveness of food fortification on functional outcomes, 
considering rapid changes in dietary patterns 

Food safety § Research impacts of exposure to pesticides, antibiotics and 
mycotoxins on human health  

§ Research on mycotoxins to test strategies for the prevention 
and/or reduction of mycotoxin exposure and EED, and 
promote child growth 

§ Support causal studies for EED exposure and growth faltering 
using a whole system approach 

§ Generate better data on the influence of intermediaries (e.g., 
food vendors) on food safety and how they can play a role in 
improving food safety in the marketplace 

Food loss and waste § Rigorous post-harvest loss assessments using systematic 
methodologies and exploration of holistic approaches to 
mitigate loss 
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§ Understand how market transformation and improvements to 
infrastructure affect food loss   

§ Research on drying, packaging and cold chain technologies to 
reduce post-harvest loss  

Cross-cutting themes § Conduct qualitative research examining interplays between 
gender dynamics and food systems and ways to best design 
services accessible to women  

§ Understand how food systems can best support healthy diets 
that promote both resilience and sustainability  

Metrics and methods § Support research around guidance development (dietary 
guidelines, indicators for measuring diet) and harmonize food 
group and dietary diversity indicators 

§ Define long-term outcome measures to complement existing 
short- and medium-term measurements   
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1. Introduction 
 
1.1 Motivation: Why food systems, diets and nutrition?  
 
Feeding the world's population with safe and nutritious food poses rapidly changing challenges, 
calling for new and innovative research into cost-effective and sustainable strategies to prevent 
all forms of malnutrition. Investments to improve nutrition are particularly critical given the 
changing structure of food systems and evolving profile of malnutrition around the world. 
Around 800 million people have insufficient food for a healthy life, and more than 2 billion suffer 
from a lack of adequate vitamins and minerals (Global Panel on Agriculture and Food Systems 
for Nutrition, 2017). The world is struggling simultaneously with both overconsumption and 
undernutrition (Haddad et al., 2016), especially among vulnerable populations. According to 
current global prevalence estimates, a total of 150.8 million children under five are stunted, 50.5 
million children under five are wasted, and 20 million newborn babies are low birth weight, 
while 38.3 million children and 2.01 billion adults are overweight or obese (Development 
Initiatives 2018).  
 
During the past decade, research and interventions in agriculture and nutrition have focused 
primarily on pathways by which a household's farm production affects its own nutrition, either 
through direct consumption, income and gender dynamics, or pathways by which a specific 
value chain alters the nutritional impact of a target crop or livestock product (Allen & de 
Brauw, 2018; High Level Panel of Experts on Food Security and Nutrition of the Committee on 
World Food Security, 2017; Maestre, Poole, & Henson, 2017). A conceptual framework 
developed through the TANDI project (Tackling the Agriculture-Nutrition Disconnect in India) 
and adapted and adopted by the United States Agency for International Development (USAID) 
Strengthening Partnerships, Results, and Innovations in Nutrition Globally (SPRING) project 
emphasized six pathways through which agriculture and nutrition are interconnected (Herforth 
& Harris, 2014; Kadiyala, Harris, Headey, Yosef, & Gillespie, 2014). This framework, shown in 
Figure 1, depicts how these pathways are thought to relate to each other. It highlights the 
complex interplay among the enabling food, natural resources, and health and sanitation 
environments that dictate food production, agricultural income, and women’s empowerment, 
ultimately influencing nutritional status.  
 
Reviews of research into the USAID SPRING-proposed agriculture-to-nutrition pathways 
shown in Figure 1 have found limited evidence for how an individual household’s agricultural 
practices affect their own nutritional outcomes (Bird, Pradhan, Bhavani, & Dangour, 2019; Ruel, 
Quisumbing, & Balagamwala, 2018). Analyses have found significant improvements in nutrition 
outcomes, such as stunting associated with community-wide improvements in health services 
and affordability of nutritious foods (Masters, Rosenblum, & Alemu, 2018), while variation 
among households within each community is primarily associated with differences in household 
income, education and other measures of capability or entitlements (Finaret & Masters, 2019). 
Meanwhile, national food systems are changing rapidly, with increasing availability of foods that 
bring increased risks of diet-related cardiometabolic diseases, such as diabetes and 
hypertension. Food systems are also coming under further stress from population and income 
growth, urbanization, globalization, climate change, and increasingly scarce natural resources 
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(Haddad et al., 2016; Popkin, 2014a). All of these changes have altered our understanding of 
agriculture-nutrition linkages, as documented in the research findings reviewed in this report.  
 
When farmers are self-provisioning, their dietary intake depends on their own food production, 
while integration with broader food systems creates the potential for higher and more stable 
consumption to improve diet quality. Food systems overcome seasonality and spatial variation 
in production through specialization and exchange, creating opportunities for private sector-led 
growth from provision of farm inputs and food market services such as transport, storage, 
processing and retailing. These activities can improve nutrition but also expose farmers and 
consumers to changes in market prices associated with trade policy and public investment in 
market infrastructure. When public policies lay a strong foundation for market development, 
entrepreneurs can invest in agribusinesses and food enterprises that improve food systems 
through private sector growth. The resulting shift away from self-provisioning can be 
particularly important in the most vulnerable locations, overcoming production constraints at 
each place and time through the human and social capital needed for self-reliance.  
 
Food system changes towards increased use of purchased foods has been a driving force behind 
the dietary transition, with many places experiencing a faster expansion of retail networks for 
less healthy packaged foods and beverages than for more nutritious items. This may be 
especially true in places with less developed infrastructure, due to the perishability and higher 
transport cost for nutrient-dense foods. The resulting changes in both rural and urban food 
environments has shifted priorities for intervention to prevent all forms of malnutrition 
including persistent undernutrition in early childhood (stunting and wasting), weight gain later in 
life (overweight and obesity) and persistent micronutrient deficiencies (WHO, 2017), all linked 
to poor quality diets. Agriculture and food policies and programs will need to consider how the 
food available to and consumed by populations has evolved, and how dietary transition relates 
to the persistence of undernutrition and micronutrient deficiencies alongside the rise of diet-
related diseases such as diabetes and hypertension (Popkin, 2014). Many countries experience 
multiple burdens of malnutrition, as individual deficiencies are addressed and attention shifts 
towards maintaining balanced diets over time (WHO, 2017).  
 
The High Level Panel of Experts on Food Security and Nutrition (HLPE) provides a useful 
framework for linking food systems to nutrition and health outcomes through multiple 
pathways (Figure 2) (High Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security, 2017). Agricultural supply chains can impact diet and 
nutrition through transforming commodities into food products with high nutrient density, 
through appropriate processing, distribution, and marketing. Physical and economic access are 
elements of the food environment that could affect diets and subsequently nutrition even in 
well-functioning supply chains. Further, quality and safety of the food that is accessible and 
available is a major consideration. Each part of the food system plays an important role in 
determining nutritional outcomes and is influenced by tangential systems such as health, 
transportation, institutional, and political systems.  
 
The five main drivers of food system changes illustrated in Figure 2 that can impact health and 
nutrition include: biophysical and environmental, innovation, technology and infrastructure, 
political and economic, socio-cultural, and demographics (High Level Panel of Experts on Food 
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Security and Nutrition of the Committee on World Food Security, 2017). Considering this 
framework and rapidly-evolving food systems, there is an identified need for well-functioning 
enabling environments to improve dietary choices and consumer behavior, and complementary 
investments in structural aspects of the food system, diet guidelines, definition and validation of 
metrics, data generation, and sustainability among other areas for achieving nutrition outcomes 
(Gillespie et al., 2019; Global Panel on Agriculture and Food Systems for Nutrition, 2016; 
Haddad et al., 2016). A food systems lens allows assessing how focused investments in each 
driver of change can most cost-effectively improve nutritional outcomes for target populations 
across the spectrum of low-, middle-, and high-income countries (Popkin, 2014).    
 
1.2 Definitions 
 
Interpretations of food systems terminology can depend on the context; definitions have been 
adapted by different industries involved in food systems research to fit their specific needs. This 
section presents the definitions of certain terms used in this review, to ensure understanding of 
any terms that may be have flexible definitions.  
 
Food systems: We find several definitions and frameworks of food systems in the literature. For 
the purpose of this review, food systems are defined using the framework established by the 
HLPE as: “all the elements (environment, people, inputs, processes, infrastructure, institutions, 
etc.) and activities that relate to the production, processing, distribution, preparation and 
consumption of food, and the output of these activities, including socio-economic and 
environmental outcomes” (High Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security, 2017). The distribution piece of food systems involves 
both the movement of foods to markets, and the acquisition of foods by consumers.  
 
Sustainable food system: According to the HLPE, a sustainable food system is one that “ensures 
food security and nutrition for all in such a way that the economic, social and environmental 
bases to generate food security and nutrition of future generations are not compromised” 
(High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food 
Security, 2017).  
    
Food environment: The food environment is defined as the “physical, economic, political and 
socio-cultural context in which consumers engage with the food system to make their decisions 
about acquiring, preparing, and consuming food” (High Level Panel of Experts on Food Security 
and Nutrition of the Committee on World Food Security, 2017). This includes physical spaces, 
such as markets, where food is obtained, infrastructure and policies (nutrition, public health, 
agriculture, trade among others) that influence consumer access to these physical spaces, and 
contextual determinants of consumer food choices such as prices, income, education, and 
advertising (High Level Panel of Experts on Food Security and Nutrition of the Committee on 
World Food Security, 2017). 
 
Food value chain: A food value chain is a type of supply chain that includes transformation as 
well as production, storage, trade and distribution (including transport), processing and 
packaging, retailing and marketing, and promotion, labeling, and advertising, with value-adding 
activities as it goes through this chain. Value-adding activities create opportunities for increasing 
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the economic value of the product or the benefit offered by the product to consumers in 
relation to its price (Hawkes & Ruel, 2011).    
 
Food and nutrition security: The most widely accepted definition of food security is the multi-
dimensional definition established by the 1996 World Food Summit, that “food security exists 
when all people, at all times, have physical and economic access to sufficient, safe and nutritious 
food that meets their dietary needs and food preferences for an active and healthy life” (Food 
and Agriculture Organization of the United Nations, 1996). In 2009, at the World Summit on 
Food Security, the definition was modified to include a social dimension, to “physical, social and 
economic access”, and was clarified to state that “The four pillars of food security are 
availability, access, utilization and stability.” This definition traces the historical concern for the 
total quantity of food produced (availability), its distribution to households (access) and intake 
by individuals (utilization) as well as stability over time (resilience to shocks). The concept of 
nutrition security adds that, for an active and healthy life, food security must be complemented 
by adequate water and sanitation, care practices and health services that influence how 
nutrients are utilized within the body. A state of food and nutrition security thus occurs when 
the definition of food security is met and supported by a sanitary environment in which people 
have adequate access to healthcare (Pangaribowo, Gerber, & Torero, 2013).  
 
Nutrition-specific interventions: Interventions aimed at addressing the proximal causes of 
malnutrition, including inadequate diet and care practices, as well as infectious disease, are 
considered nutrition specific. Usually such interventions include food or micronutrient 
fortification, supplementation, promotion of infant and young child feeding, and disease 
prevention (Ruel & Alderman, 2013b).  
 
Nutrition-sensitive interventions: Nutrition-sensitive interventions are those that address the 
underlying determinants of nutritional status including food security, caregiving, access to health 
services, and a safe, hygienic environment. This could include interventions in agriculture, food 
security, social protection, education and early child development, women’s empowerment, 
water, hygiene and sanitation, among others (Ruel & Alderman, 2013b).  
 
Resilience: The USAID definition of resilience is “the ability of people, households, 
communities, countries, and systems to mitigate, adapt to, and recover from shocks and 
stresses in a manner that reduces chronic vulnerability and facilitates inclusive growth” (USAID, 
2012). For the purposes of this review, we narrow down this fairly broad definition to the 
definition proposed by the Food and Agriculture Organization (FAO), i.e. the ability of people 
and places to “protect, restore, and improve food and agricultural systems under threats that 
impact food and nutrition security, agriculture, and/or food safety/public health” (FAO, 2014). 
 
1.3 Structure of this report 
 
The relationship between food systems and nutritional outcomes is a function of the complex 
overlap between each part of the food system, which influence each other through various 
intertwined pathways. This document is organized to span the entire food system from 
production to consumption, with the understanding that the steps along the way are each 
connected with multiple other steps in a non-linear manner. The objectives and methods of this 
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review are explained in sections 2 and 3 respectively. Results begin with sections 4 and 5 on 
food production, followed by sections 6, 7 and 8 on post-harvest aspects of the food system, 
sections 9 and 10 on cross-cutting concerns that span both production and post-harvest 
activities, and conclusions in section 11.  
 
Our material on agricultural commodity production starts with section 4 on crop and livestock 
systems that produce nutrient-dense foods, including farmers’ access to markets, followed by 
section 5 on how those markets link agriculture to nutrition through commodity trade and 
storage. The agricultural interventions that drive supply, and that are reviewed in section 4, 
include promotion of improved crop and livestock production methods, homestead gardens 
and market access, all of which are aimed at improving a target household’s diet quality, 
individual anthropometry or biomarkers. We then zoom out to agricultural interventions, 
policies and programs in section 5 that impact how much of what foods are produced and 
marketed anywhere in a given region, and how those systemic changes affect the entire 
distribution of nutritional outcomes in the population of interest.  
 
Detailed analysis of how food systems link production to consumption after harvest begins with 
section 6 on the transformation of agricultural output into food products, and how this 
influences nutrition. Section 7 investigates food safety during each step of the food system, and 
section 8 does the same with food loss. In Section 9, we broach several cross-cutting issues, 
such as gender, sustainability and resilience, that cannot be housed at any one particular step in 
the food system, rather have important implications throughout. Section 10 discusses 
appropriate measurement and indicators for food systems research. In each sub-section, 
evidence is presented, and research gaps identified to inform future research opportunities in 
food systems-nutrition linkages. Finally, section 11 pulls together the common emerging themes 
identified from the research opportunities at each step.  
 
2. USAID strategies and aims of this report 
 
USAID has long been at the forefront of global agriculture, nutrition, and health, driving 
improved development outcomes over time. The agency responded to the food price crisis of 
2008 with a new approach to agriculture and nutrition, including the Multi-Sectoral Nutrition 
Strategy 2014-2025 (USAID, 2014) and the Global Food Security Strategy (GFSS) (United States 
Agency for International Development, 2016) that emphasizes the importance of both 
nutrition-specific and nutrition-sensitive interventions. Under the GFSS, a whole-of-government 
Feed the Future initiative was created, which originated from the L’Aquila Global Food Security 
Initiative declaration in 2009 (“L’Aquila Joint Statement on Global Food Security: L’Aquila Food 
Security Initiative,” 2009). The initiative was subsequently mandated by Congress under the 
Global Food Security Act of 2016 and involves multiple agencies coordinated by the USAID 
Bureau for Food Security (Feed the Future, 2019). 
 
The GFSS, whose specific objectives are shown in Figure 3, is supported by a research strategy 
(Feed the Future, 2017) to develop more cost-effective approaches towards achieving 
agriculture, food and nutrition goals in the context of food systems illustrated in Figure 2. 
USAID investments in research include a set of Feed the Future Innovation Labs around the 
globe, led by universities in the United States, as shown in Figure 4, generating solutions to the 
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world’s challenges in agriculture, food security, nutrition and health (Feed the Future, 2019). 
Among these, the Feed the Future Innovation Lab for Nutrition works specifically on issues 
related to agriculture to nutrition linkages, pursuing the three strategic objectives for USAID in 
agriculture and food systems for nutrition: 1) Inclusive and sustainable agriculture-led economic 
growth; 2) Strengthened resilience among people and systems; 3) A well-nourished population, 
especially among women and children (United States Agency for International Development, 
2016).  
 
The aims of this evidence review, commissioned by USAID, are to synthesize research findings 
in agriculture, food systems and nutrition, and to highlight evidence and knowledge gaps to 
drive future research on how food systems can be made sustainable and provide safe and 
nutritious food. In doing so, programming can be improved so as to meet U.S. government 
objectives and the global Sustainable Development Goals (Division for Sustainable Development 
Goals, n.d.).  
 
 
3. Methods and sources 
 
The evidence reviewed in this report begins with the findings of systematic reviews reporting 
on impacts of the post-2008 surge of investment by the U.S. and other governments in 
agriculture for nutrition and health, merging those results with the broader literature on food 
systems, prices and markets. Evidence is presented and research gaps identified from studies 
addressing nutrition and food security along each step of the food system, including agricultural 
production, productivity, production diversity, value chains, food environment, trade, market 
access and food prices, processing, food safety and food waste. The intent of this review is not 
to be exhaustive, rather to synthesize important recent findings in food systems-nutrition 
linkages and identify opportunities for future research based on apparent research gaps.  
 
Given the existence of numerous systematic reviews on subjects concerning food  
systems-nutrition linkages, search terms were first used to identify appropriate systematic 
reviews published in the last five years (2014-2019). A second round of searches were then 
conducted with more refined terminology to search for literature related to the specific sectors 
associated with food systems nutrition linkages. English language searches were conducted in 
PubMed, Web of Science, and Google Scholar, between June-August 2019. Terms used in the 
first round included: food systems + nutrition, global food systems, sustainable food systems. 
Second round terms included: resilience + food systems, food environment, agriculture + 
nutrition, food production + nutrition, sustainable diets, nutrition sensitive agriculture, women’s 
empowerment + agriculture, market access, food systems + price, food systems + processing, 
fortification, food safety, environmental enteric dysfunction, mycotoxins, water + sanitation + 
hygiene + nutrition, and food waste. In addition to these searches for academic literature, 
reports from USAID, FAO, and similar organizations with a global focus on nutrition and 
agriculture were researched and referenced. After all searches, a total of 532 appropriate 
documents were identified based on titles. The abstracts of each document were read, and 
ultimately, about 167 documents that added to the discussion of existing evidence and research 
gaps in food systems-nutrition linkages were read fully and reported on in the evidence review.      
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4. Agricultural production of nutrient-rich foods 
 
Since the world food crisis of 2008, most research about agriculture-nutrition linkages focused 
on how a household’s own farm activities affect its own nutrition outcomes, and how a specific 
commodity is altered along its value chain (Sparling et al., 2019). To situate that research in a 
broader context, this review begins with farm production of foods in general, as different value 
chains interact to meet nutritional needs within overall environmental and societal constraints. 
 
4.1 Crops 
 
How do crop genetics, biotechnologies, and agronomic management influence nutritional status? 
 
Almost all of the world’s potentially cropped land is already under cultivation, with further 
expansion into the remaining 2.7 billion ha of potentially arable land limited by harsh conditions 
and poor infrastructure, leading to a focus on increasingly efficient use of areas that are already 
being planted (Tyczewska et al., 2018). Current cropping patterns do not supply sufficient 
micronutrients to meet growing human and livestock needs (Allen & de Brauw, 2018), thus 
investments are aimed at increasing productivity to reduce the area needed for starchy staples 
and shift resources towards production of more diverse foods as well as towards increasing 
micronutrient levels in staple crops through biofortification using both traditional breeding and 
genetic modification (Osendarp et al., 2018). 
 
The history of agricultural intensification is an important consideration for the future of crop 
genetics and biotechnology. The Green Revolution efforts starting in the 1950s, 1960s and 
1970s focused primarily on increasing yields of starchy staples; this was an urgent priority at the 
time, when preventing mass starvation in Asia was a primary geopolitical concern for the U.S. 
government (Ickowitz, Powell, Rowland, Jones, & Sunderland, 2019). The successful 
introduction and spread of Green Revolution technologies has led to widespread poverty 
reduction and child survival (Gollin, Hansen, & Wingender, 2018). Since then, the focus of 
research has shifted to dietary diversity and nutrition, to address micronutrient deficiencies and 
the threat of rising overweight and obesity (Gillespie et al., 2019). The Green Revolution also 
focused on raising production in places with sufficient moisture and adequate infrastructure to 
produce surpluses and achieve lower, more stable prices in global and national markets; the 
focus of genetic improvement now includes innovations for more fragile, vulnerable regions 
under extreme climatic stress and resource scarcity, to help them achieve not only greater 
dietary diversity but also greater resilience and sustainability over time (Feed the Future, 2017). 
 
For a few major species such as corn (maize), soybeans, canola (rapeseed) and cotton, genetic 
engineering has introduced traits from other species leading to the development of GMO 
(genetically modified organism) crops, which are a focus of intense debate in the agricultural 
development community including both government and non-government stakeholders. An 
estimated $167.8 billion in economic benefits resulted from increases in yield from the above 
mentioned crops, production gains, and cost savings from the use of GMO crops between 
1996-2015 (Tyczewska et al., 2018). In addition, many non-GMO and/or non-transgenic 
innovations have drawn on global biodiversity to improve crop genetics and agronomic 
management for both direct human consumption and as feed to produce animal-source foods.  
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Biofortification of starchy staples, which can be achieved either through genetic engineering or 
traditional plant breeding, is a cost-effective technology to address specific micronutrient 
deficiencies, as long as the biofortified products are utilized and consumed by the intended 
population (Bouis & Saltzman, 2017). Evidence from trials in the past five years point to positive 
effects of biofortified crops such as orange flesh sweet potato and iron rich beans on 
micronutrient status, especially vitamin A, iron, and zinc, among children but mixed effects in 
women (Bouis & Saltzman, 2017; Harvey et al., 2014; Ruel et al., 2018; Yadava, Hossain, & 
Mohapatra, 2018). Effects on child growth are less proven, with only moderate evidence to 
suggest any effect (Harvey et al., 2014). Additional research on the combined effectiveness of 
consumption of multiple biofortified crops together on different health outcomes would add to 
this body of evidence (Bouis & Saltzman, 2017).  
  
Identifying drivers of farmer uptake and consumer acceptability is key to determining how to 
impact nutritional outcomes to the greatest extent possible. Gaining a better understanding of 
the impact pathway leading from the technology of biofortification to consumption of 
biofortified crops and ultimately improved micronutrient status is an important part of this 
process. This impact pathway has been studied to maximize the effectiveness of biofortification 
in reducing micronutrient deficiencies for several biofortified crops. An evidence review 
focusing on HarvestPlus activities identified three main areas along the impact pathway: 1) 
public-private sector partnerships to provide planting materials to farmers and produce seeds 
of high quality, 2) conducting field demonstration trials and providing small promotional 
biofortified seed packs so that farmers can learn about biofortified crops with little risk 
involved, and 3) nutrition messaging to ensure that the crops are incorporated into people’s 
diets (Bouis & Saltzman, 2017). In a recent study examining the impact pathway from planting of 
biofortified orange-fleshed sweet potatoes to vitamin A intake, adoption behavior was only 
minimally impacted by increased nutrition knowledge, and nutrition knowledge subsequently 
had little effect on vitamin A intake (de Brauw et al., 2018). This suggests either an ease of 
acceptance of the orange fleshed sweet potatoes due to their similarity to already cultivated 
white sweet potatoes or the need for identifying alternative ways to influence demand for 
biofortified products, or both.   
 
Although GMO crops, biofortification, and other technologies have been shown to be cost-
effective and safe, public perception and adoption remains a major challenge that could prevent 
the widespread use of these techniques. Concrete evidence on the diffusion level of new 
agricultural technologies or improved crop varieties is lacking and needs bolstering.  However, 
there is sufficient evidence about farmer adoption, which indicates that despite input subsidies, 
many farmers do not adopt yield-enhancing technologies (Macours, 2019). Further studies that 
investigate the reasons for low-uptake and determine what farmers and consumers desire from 
new technologies will be useful for increasing adoption of new beneficial techniques. A review 
on the acceptability of the sensory qualities (color, taste, smell) of modified crops finds that 
while acceptability can be context specific, overall, the different colors of modified crops do not 
act as a barrier of acceptability (Talsma, Melse-Boonstra, & Brouwer, 2017). While ongoing 
work provides a variety of potential approaches for integrating nutrition into agronomic 
research, suggesting that researchers and programmers consider the specific climatic 
conditions, fertilizer levels and soil types when training farmers about new agronomic 
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techniques to increase uptake, (Zuma, Kolanisi, & Modi, 2018) further research to determine 
the best messaging and education campaigns for acceptance of GMO and biofortified crops 
could be useful in increasing demand and utilization of these technologies.  
 
Household assets and livelihoods are basic drivers of food production and agricultural income. 
As such, land ownership and use, including land productivity inputs, are hypothesized to be an 
important determinant of the impact of household agricultural production on nutritional status 
(Herforth & Harris, 2014; High Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security, 2017). However, a 2019 review by Shankar, Poole, & Bird 
(as part of the Leveraging Agriculture for Nutrition in South Asia- LANSA project) identified 14 
studies on production and productivity focusing on South Asia (India, Bangladesh, Nepal) that 
had little evidence on the effectiveness of land ownership and land productivity enhancing inputs 
(e.g. use of improved seed, fertilizer, irrigation) on nutritional status. Once wealth is controlled 
for, neither land ownership nor land size are correlated with dietary diversity or nutritional 
outcomes (Shankar, Poole, & Bird, 2019). Research from Sub-Saharan Africa on land 
productivity inputs, in this case irrigation, finds similar results. A two-country study conducted 
in Ethiopia and Tanzania on small-scale irrigation and diet diversity found that while, in Ethiopia, 
irrigation was associated with improved diet diversity in households through the income 
pathway, whereby irrigation leads to higher household income which allows for the purchase of 
more diverse foods, no such relationship was found in Tanzania. This is potentially due to 
differences in the type of irrigation technologies used. No association between production 
diversity and diet diversity were found in either country (Passarelli, Mekonnen, Bryan, & 
Ringler, 2018). Authors of the LANSA review further note that while researchers have 
examined associations, they have not explored causal linkages between land ownership and use 
and nutritional outcomes, nor have the pathways through which relationships may exist been 
explored.  
 
Overall, technologies such as biofortification, GMOs, and improved land productivity inputs 
show great potential for having a positive influence on nutritional status, but several areas of 
future research could help increase their uptake and maximize their effectiveness.   
 
Research opportunities in agricultural production 
 

1. Research on the effectiveness of consuming multiple biofortified crops simultaneously 
on health and nutrition outcomes, including functional outcomes (Bouis & Saltzman, 
2017). 

2. Ways to increase consumer demand for and farmer uptake of biofortified products and 
other GMOs (de Brauw et al., 2018). 

3. Quantification of the diffusion level of new agricultural techniques or improved crop 
varieties (Macours, 2019). 

4. Establishing causal linkages and investigating impact pathways between use of land 
productivity inputs (e.g. improved seed, fertilizer and irrigation) and food security, diet 
and nutrition outcomes (Shankar et al., 2019). 
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4.2 Livestock  
 
How do livestock interventions influence nutritional status? 
 
Animal sourced foods are important for growth and development in infants and children, as 
they contain bioavailable forms of micronutrients (iron, vitamin A, zinc, iodine, vitamin B12) 
essential to growth that are difficult to find in plant sources (Dror & Allen, 2011). Recent 
examples of interventions aimed at increasing animal sourced food consumption to impact 
growth support this idea. An intervention focused on providing an egg a day in Ecuador to 
infants aged 6-9 months found significant reduction in prevalence of stunting and underweight in 
the treatment group children compared to the controls (Iannotti et al., 2017). Studies 
conducted in the former Nutrition Collaborative Research Support Program have shown a 
strong positive effect of providing milk on growth in younger stunted children and meat on 
cognitive function of all school children in Kenya (Neumann, Murphy, Gewa, Grillenberger, & 
Bwibo, 2007). A 2011 review found consumption of red meat reduced iron-deficiency anemia, 
and that milk supplementation improved linear growth through the provision of higher levels of 
energy, high-quality protein, minerals, and stimulating growth factors (insulin-like growth factor-
I) (Dror & Allen, 2011). However, a recent systematic review investigating the relation between 
consumption of animal source foods and stunting found only one intervention study (out of 21) 
with a reduction in stunting and one cross sectional study with an association between animal 
source foods and stunting. Authors of this systematic review found that aggregation of data 
from studies around animal sourced foods and growth was difficult due to significant 
heterogeneity in the intervention studies. They therefore recommend future research be 
planned in a manner that allows for consistency in the definition and quantification of the 
exposure and outcomes thereby allowing for interstudy comparisons (Shapiro et al., 2019).  
 
The relationship between livestock ownership and human health and welfare involves both 
positive and negative effects. Livestock contribute to the livelihoods of over 300 million people 
in Sub Saharan Africa, representing 2/3rds of the rural poor and 1/3rd of the urban poor (Thumbi 
et al., 2015). Several systematic reviews have been published on the role of livestock ownership 
to improve access to animal source foods and thus improve growth outcomes, specifically 
height and linear growth, and micronutrient deficiencies. Within the context of linking livestock 
production, ownership, and diversity to nutrition outcomes, the Shankar, Poole and Bird 2019 
review found studies wherein ownership of milk producing animals was associated with 
improved linear growth possibly through both increased consumption of milk in the household 
and increased income leading to better diets through markets. Further work in Afghanistan 
using existing data showed an association of meat intake with reduced prevalence of anemia 
(Shankar et al., 2019). Ruel et al. 2018 reviewing recent livestock ownership intervention trials 
found mixed results around livestock keeping. Livestock ownership has been shown to increase 
household diet diversity, intake of essential micronutrients, and specifically more animal 
sourced food intake, especially among households that live in remote areas with poor market 
access (Ruel et al., 2018). However, they report that evidence of associations with health and 
nutritional status, including linear growth, is limited (Ruel et al., 2018).  
 
Possible negative effects of livestock on health and growth outcomes have been addressed 
through two different pathways: fecal-oral transmission leading to repeated diarrheal disease in 
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people, and zoonotic transmission of other diseases from animals to humans. Globally, work 
within the context of the “One Health” platform is examining these pathways including the 
interactions of human health, livestock health and economic welfare, especially in those 
communities that are reliant on livestock. The zoonotic transmission pathway increases the risk 
of malaria, rabies, trypanosomiasis, and foodborne diseases such as brucellosis, which are 
associated with negative effects on nutrition and health. The fecal-oral transmission pathway 
involves exposure to animal feces from habitation in close proximity to livestock which 
translates into poor growth outcomes due to increased prevalence of gastrointestinal infections 
(Chaccour et al., 2018; Hasyim et al., 2018; Headey et al., 2017; Imbahale et al., n.d.; Mosites et 
al., 2016; Thumbi et al., 2015). This pathway, with repeated exposure to animal feces combined 
with poor hygiene and sanitation practices at the individual, household and community levels, 
may be related to a condition called environmental enteric dysfunction (EED). EED is a 
condition whereby individuals (adults and children) are consistently in a state of inflammation, 
independent of their diarrhea status, which leads to increased permeability of the small 
intestinal walls, increased risk of microbial translocation and subsequent inflammation, and poor 
absorption of nutrients (Keusch et al., 2014). The relationship of animal-human disease can be 
further illustrated by a research study examining the relationship of livestock ownership and 
livestock disease episodes (diarrheal disease in the livestock themselves) and growth in children 
in Western Kenya. The authors found that livestock ownership was not associated with height 
or growth rate of the child but that households with livestock suffered from digestive diseases 
during a certain period of the year (June-November) and were more likely to have children 
with lower height gain (Mosites et al., 2016). Interventions targeting these issues are emerging 
areas of research; while there is some evidence of the negative effects on nutrition and health, 
further study is required.  
 
Different types of livestock, from large and small ruminants to poultry and other animals, play 
different roles in the food system and have different effects on human nutrition. At least one 
large review points to milk-producing animals as the most important for stimulating growth in 
children, but we did not find any studies comparing types of livestock in terms of negative 
effects. The studies we found aggregated fecal matter from all animals into one variable, 
although people may live in closer proximity to poultry and smaller animals that can be kept 
within a household’s compound. This is an area that requires further research, as animal-human 
health connections may differ by type of livestock. In addition, livestock studies have focused on 
linear growth and stunting as the primary outcomes. While recent studies have looked at dairy 
and cognition in children and found positive effects on cognitive function after supplementation 
with milk powder (Lee et al., 2018), future livestock ownership studies should include 
outcomes beyond anthropometry as well.      
 
Numerous innovations in the last few years have targeted livestock genetics, feed, and 
veterinary care as pathways for improved nutrition. These include rapid and cost-effective 
disease detection techniques that can curtail the spread of infectious diseases among animal 
populations. For example, veterinary medicines and vaccines can use nanotechnologies that 
reduce pathogen contamination, increasing production efficiency and helping to combat 
pathogen resistance that can be transferred to humans. Nano-feed additives could improve feed 
efficiency, reduce feed costs, and increase yield and quality of animal products, and nano-
biosensors could be used to detect toxin-producing insects or fungi that contaminate bulk grain 
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storage silos (El Sabry, McMillin, & Sabliov, 2018). These are mainly newly developed 
technologies that will require field testing and risk assessment to ensure safety and cost-
effectiveness before being put to use.   
 
Research opportunities in livestock ownership 
 

1. In-depth study of the negative effects of livestock ownership on nutrition and health, 
including animal-health connections disaggregated by type of livestock and evaluation of 
outcomes beyond anthropometry. 

2. Field testing, risk-assessment and cost-effectiveness analysis of newly developed 
nanotechnologies that may improve feed efficiency, increase yield and quality of animal 
products, and aid in detecting contaminants in bulk grains.        

 
4.3 Market access  
 
What evidence is there to support market access by the farm household as an intervening variable 
between agricultural production and consumption? 
 
Increased income has enabled people to acquire more of everything, including more and 
different foods. People’s dietary preferences, market food availability, and dietary intake studies 
are important not just at the national level, but also at the household and individual level, in 
order to better understand how the food environment is influencing consumption (Finaret & 
Masters, 2019; Micha, Coates, Leclercq, Charrondiere, & Mozaffarian, 2018). Agricultural 
diversification can contribute to improved dietary diversity through consumption, but the role 
of income and market access are important considerations. A recent review focusing on the 
dietary and nutritional benefits of production diversification examined the role of markets in 
explaining (or not) this relationship and found only six studies that included market access as an 
intervening variable between production diversity and diet quality. All of these studies found 
that market access was positively associated with diet diversity (Jones, 2017). Further, 
investments in agricultural diversification are likely to be most effective if they target the 
poorest households that are least connected to markets (Mulmi et al., 2017; Ruel et al., 2018).  
 
Market access does not necessarily lead to increases in agricultural productivity or diversity of 
crops produced (Rios, Shively, & Masters, 2009) but may provide opportunities outside of 
agriculture for stimulating cash income and encourages diet diversity through increased 
purchasing power for nutritious foods available in markets. Even among populations where 
subsistence farming is widespread, purchased foods make up a large portion of total energy (in 
kcal) consumed; one study in Ethiopia found that purchased food accounts for over half of all 
calories consumed during the lean season, and 42% on average throughout all seasons (Sibhatu 
& Qaim, 2017). As such, promoting too much farm diversification where markets are accessible 
could actually decrease time for these opportunities and have negative side effects if farmers 
cannot purchase as many foods from the market (Sibhatu & Qaim, 2017). 
 
Thus, while research on markets in LMICs is limited, existing evidence highlights the importance 
of market access within the context of production diversification (crops and livestock), 
homestead food production and/or livestock programs, and nutritional outcomes (Mulmi et al., 
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2017; Ruel et al., 2018). Households with limited market access rely more heavily on their own 
production, and production diversification efforts are more impactful on dietary intake in these 
areas, but additional research is needed to clarify these relationships. Lastly, market access is 
assessed using proxy variables for how close people are to markets or travel time to markets, 
but these measures do not consider that market access is not just proximity, nor is it restricted 
to use of markets for consumption. Efforts should be made to better measure all aspects of 
market participation, including participation as both a consumer and a producer, and access to 
different types of markets (agricultural input, agricultural output, consumer oriented, etc.) 
(Jones, 2017). 
 
Research opportunities in market access 
 

1. Collect better data on market access, expanding indicators to measure actual market 
proximity and not solely distance to markets (Jones, 2017). 

2. Conduct studies that examine how access to various types of markets (agricultural 
input, agricultural output, consumer oriented) intervenes differently between 
agricultural production and diet and nutritional outcomes (Jones, 2017).   

 
4.4 Homestead food production and nutrition sensitive agriculture 
 
Do homestead food production programs aimed at increasing household production of diverse foods 
impact nutritional status?  
 
Interventions targeting homestead food production by providing training (gardening and 
agricultural techniques) and inputs (irrigation, fertilizer, seeds, etc.) have shown positive impacts 
on intermediate outcomes like diet diversity, animal ownership, and women’s empowerment, 
but findings are weak in terms of impacts on anthropometric nutritional outcomes (Bird et al., 
2019; Gillespie et al., 2019; Kennedy, Kershaw, & Coates, 2018; Ruel et al., 2018). 
 
Overall, major reviews of homestead food production and nutrition-sensitive agriculture in the 
last few years have shown that the most common nutritional success has been reductions in 
anemia, and in some cases, decreased incidence of diarrhea and wasting in children and women, 
and that no impact seems to have been made on anthropometric outcomes such as stunting 
(Gillespie et al., 2019; Ruel et al., 2018). Selection of appropriate outcomes and ensuring that 
program theory is based on a sound theoretical basis thus requires careful review and 
consideration as outlined in recent reviews (Frongillo, Leroy, & Lapping, 2019; Leroy & 
Frongillo, 2019). Further research of exploring alternative metrics (outlined further in the 
metrics section) is critically needed.  
 
Environmental and economic sustainability of homestead food production and nutrition 
sensitive agricultural interventions, as well as their cost-effectiveness compared to other 
nutritional interventions also remain unknown. A meta-analysis of the associations between 
production diversity, diets and nutrition among smallholder farmers found that, on average, 
farmers would have to add 16 additional crops to their production to increase diet diversity by 
just one food group (Sibhatu & Qaim, 2018). This constitutes a significant change, and it is 
unclear whether or not farmers are capable of adding that many additional crops, or if they can 
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continue to purchase agricultural inputs post-intervention, and retain their knowledge learned 
through the education components of the programs. Further research is needed into the 
maintenance costs, long-term sustainability, and comparative cost-effectiveness of these 
interventions (Gillespie et al., 2019).     
 
Thus, homestead food production and nutrition-sensitive agricultural interventions have been 
relatively successful at increasing diet diversity and animal ownership, which in turn have led to 
decreased micronutrient deficiencies (Ruel et al., 2018). The evidence to date indicates that 
household-level agricultural production interventions, if integrated with market interventions, 
women’s empowerment, behavior change communication, food safety and environmental 
concerns, may prove more effective in achieving nutrition wellbeing with the caveat of ensuring 
the selection of appropriate indicators of success. 
 
Research opportunities in homestead food production and nutrition sensitive agriculture 
 

1. Study the scale up of nutrition sensitive agriculture programs including assessments of 
sustainability (i.e. post exit, can farmers continue to purchase agricultural inputs, retain 
knowledge and continue implementing practices/activities?) and cost-effectiveness 
compared to other nutrition interventions (Gillespie et al., 2019) 

2. Support research that focuses on theory driven program design, program fidelity and 
coverage of the intervention, understanding or elucidating in an empirical manner, the 
potential for specific program inputs to translate into selected outcomes  

3. Determine the effectiveness of integrating homestead food production and nutrition 
sensitive agricultural interventions into a broader food systems approach.        

 
4.5 Summary of research opportunities  
 

1. Research on the effectiveness of consuming multiple biofortified crops simultaneously 
on health and nutrition outcomes, including functional outcomes (Bouis & Saltzman, 
2017). 

2. Ways to increase consumer demand for and farmer uptake of biofortified products and 
other GMOs (de Brauw et al., 2018). 

3. Quantification of the diffusion level of new agricultural techniques or improved crop 
varieties (Macours, 2019). 

4. Establishing causal linkages and investigating impact pathways between use of land 
productivity inputs (e.g. improved seed, fertilizer and small-scale irrigation) and food 
security, diet and nutrition outcomes (Passarelli et al. 2018; Shankar et al., 2019). 

5. In-depth study of the negative effects of livestock ownership on nutrition and health, 
including animal-health connections disaggregated by type of livestock and evaluation of 
outcomes beyond anthropometry. 

6. Field testing, risk-assessment and cost-effectiveness analysis of newly developed 
nanotechnologies that may improve feed efficiency, increase yield and quality of animal 
products, and aid in detecting contaminants in bulk grains.        

7. Collect better data on market access, expanding indicators to measure actual market 
proximity and not solely proximity to markets (Jones, 2017). 
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8. Conduct studies that examine how access to various types of markets (agricultural 
input, agricultural output, consumer oriented) intervenes differently between 
agricultural production and diet and nutritional outcomes (Jones, 2017).   

9. Study the scale up of nutrition sensitive agriculture programs including assessments of 
sustainability (i.e. post exit, can farmers continue to purchase agricultural inputs, retain 
knowledge and continue implementing practices/activities?) and cost-effectiveness 
compared to other nutrition interventions (Gillespie et al., 2019) 

10. Support research that focuses on theory driven program design, program fidelity and 
coverage of the intervention, understanding or elucidating in an empirical manner, the 
potential for specific program inputs to translate into selected outcomes  

11. Determine the effectiveness of integrating homestead food production and nutrition 
sensitive agricultural interventions into a broader food systems approach.        

 
5. Agriculture-nutrition linkages at population scale 
 
In this section, we take a broader view, going from how a household’s own agricultural 
production influences nutritional status, to how population-level agricultural programs, policies, 
and infrastructure are related to the food environment. The focus areas include the foods 
available to consumers, the nutrient quality of these foods, the affordability of those foods, and 
the information people receive about food. The food environment is central to consumers 
making healthy and sustainable food choices, and the evolving food environment of today is 
changing how people interact with food, including the decisions they make about what to eat 
and how they prepare it (Finaret & Masters, 2019; High Level Panel of Experts on Food Security 
and Nutrition of the Committee on World Food Security, 2017).   
 
5.1 Trade, markets, and food prices 
 
What does the evidence tell us about how trade policies, market function, and food prices impact food 
availability, and ultimately nutritional status? 
 
Trade policies, market function, and food prices are heavily intertwined, and act together to 
influence the food environment. The consensus from agricultural economics research is that 
open agricultural trade is generally beneficial for food and nutrition security, but that any policy 
change creates both winners and losers. The “food price dilemma” is that opening trade to 
more imports of a particular food lowers its price, which helps consumers, but harms the 
farmers who produce it, while opening trade to more exports of another food raises its price, 
which helps the farmers who produce that product while harming its consumers (Martin & 
Laborde, 2018; Wood, Smith, Fanzo, Remans, & Defries, 2018). Opening trade can also have 
many other effects, either increasing or decreasing energy used and greenhouse gas emissions, 
as well as other environmental effects (Martin & Laborde, 2018). Critics of free or open trade 
also blame global increases in obesity and chronic disease partially on the accessibility of cheap, 
non-nutritious packaged and processed foods made possible through globalization, foreign 
direct investment, and trade (Martin, 2018). Overall, more open trade tends to stabilize prices 
and raise living standards including global food and nutrition security, allowing environment 
problems or health concerns to be addressed directly with policies that incentivize limiting 
greenhouse gas emissions, that provide public goods to poor consumers to offset higher prices 
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for exported products, and that discourage the purchase and consumption of foods identified as 
unhealthy (Martin, 2018; Martin & Laborde, 2018). 
 
Available arable land differs vastly by region, with some regions able to meet their populations’ 
food and nutrient demands more easily than others. While each location could potentially 
produce its own food, international trade both reduces and stabilizes prices at each place by 
reducing dependence on local climatic fluctuations and other shocks (Martin & Laborde, 2018). 
Trade can also be helpful for equity, to give more people access to low-cost items produced at 
times and places when resources are abundant. The total amount of food available for 
consumption on earth, after accounting for losses and alternative uses, is sufficient to meet the 
nutrient demands of the population as long as it is distributed equitably (Wood et al., 2018). 
Especially in lower income countries, global trade contributes to a country’s ability to meet 
their nutrient needs, diversifying the food products available year-round, and increasing the 
amount of people who meet their nutrient needs by between 146-934 million people (Wood et 
al., 2018). In addition, trade leads to increased income at the country level by encouraging 
regional production of those goods that a country is better at producing versus goods that they 
are not (comparative advantage). This also lowers the average costs of food worldwide (Martin 
& Laborde, 2018). When production risk is spread over a larger area, global food supply and 
prices become more stable, as domestic shocks are absorbed by the global market (Martin, 
2017). Thus, policies that allow for international trade increase food and nutrition security 
through a number of mechanisms, allowing for diversification of the food supply, increased 
income, and food price stabilization.  
 
Evidence on the impact of trade on nutritional outcomes such as anthropometry is limited 
(FAO, 2015). Untangling the effects of trade policies from other policies, programs, or 
unobservable factors is challenging, but one recent study was able to link agricultural trade 
policy data to child anthropometry. They found a small significant positive effect of government 
assistance to tradeable agriculture (used as a proxy for level of trade liberalization) on child 
anthropometry (Adjaye-Gbewonyo, Vollmer, Avendano, & Harttgen, 2019).  
 
Trade is directly connected to markets – traded products are bought and sold on the market, 
thus markets and how well they function are important for diet quality. Purchased foods play a 
larger role in diet diversity than subsistence production (Sibhatu & Qaim, 2017), but their role 
in diet quality is dependent on the market system and how well it functions (Ickowitz et al., 
2019). Evidence is sparse in the market system-diet quality arena, but we know that failure to 
consider market inefficiencies and high transaction costs in some regions make market-reliant 
interventions such as agricultural diversification counterproductive for improving diets (Allen & 
de Brauw, 2018; Sibhatu & Qaim, 2017). These inefficiencies due to poor roads and 
infrastructure, weak institutions, suboptimal transaction and transportation networks, and 
other market and government failures can also lead to high seasonal price fluctuations. 
Compared to foods that are more easily stored and transported, such as staple grains and 
legumes, highly nutritious yet perishable foods such as fruits and vegetables are subject to 
intense price increases as they get transferred along the food value chain into markets from 
producers to consumers (Allen & de Brauw, 2018). As little investment has been made in either 
public or private sector market infrastructure improvements, we find virtually no evidence on 
how market infrastructure interventions have impacted food prices, safety and quality, nor 
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nutritional status (Pingali, 2015). In addition, we find no pertinent studies on the role of 
intermediaries between producers and consumers on nutritional outcomes. We need a more 
nuanced understanding of how local markets function, how the food redistribution systems 
work, and what types of infrastructural changes are necessary to strengthen rural markets and 
shape food preferences in a healthy manner (Ickowitz et al., 2019). 
 
While the evidence around the benefits of open trade for food and nutrition security and its 
impact on food prices is fairly clear, the direct impact of trade policies on nutritional status are 
less well-established. In addition, there is a clear theoretical link between market function and 
diets and nutrition; however, concrete evidence showing how improvements in market 
infrastructure influence nutritional status is lacking. Understanding how market inefficiencies 
and high seasonal price fluctuations that happen through poor infrastructure, weak institutions, 
and other market failures, is necessary to increase effectiveness of market-based interventions 
(Sibhatu & Qaim, 2017). 
 
Research opportunities in trade, markets, and food prices for nutrition 
 

1. Estimation of the effects of trade policies on nutritional outcomes (Adjaye-Gbewonyo et 
al., 2019). 

2. Studies of how market infrastructure interventions have impacted food prices, safety 
and quality of foods, and nutritional status (Allen & de Brauw, 2018; Pingali, 2015). 

3. Research on the role of intermediaries between producers and consumers on nutrition 
outcomes. 

4. Understanding of how local markets currently function, how the food redistribution 
system works, and the types of infrastructural changes necessary to strengthen rural 
markets (Ickowitz et al., 2019).  

 
5.2 Specialization, productivity and risk management   
 
What evidence is there about different ways of reducing constraints on producing a variety of nutritious 
foods?  
 
Healthy diets require year-round access to a diversity of foods in stable quantities at each 
location, while agricultural production conditions vary greatly over time and space. Location-
specific agroecological resources such as water and soils, interacting with climatic conditions 
and access to infrastructure, knowledge, and locally-adapted seed varieties or livestock breeds 
have led to a high degree of geographic specialization, while both storage and trade help 
smooth outcomes over time to shape what is available to consumers. Producing a wider variety 
of more nutrient dense foods at each location can be risky for smallholder farmers who may be 
poorly connected to markets, often do not have access to information about market prices and 
climate predictions, and lack access to capital or credit to finance inputs. As previously 
discussed, farmers thus tend to produce and market cereals and starchy staples, because these 
products have low transaction and transport costs and are less risky, so more nutritious foods 
such as fruits, vegetables, pulses, and animal sourced foods have been largely neglected (Allen & 
de Brauw, 2018; Sibhatu & Qaim, 2017).  
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Even with improvements to infrastructure and advancements in production and storage 
technologies, legal or social constraints, and imperfect access to information can limit 
producers from accessing markets or making strategic production and marketing decisions. 
Poor connectivity between rural, peri-urban, and urban supply and demand can limit production 
of and thus consumer access to a diverse set of nutritious foods.  A study conducted in Kenya 
identified access to market price information and warnings, as well as to services such as 
contract farming as successful mechanisms for encouraging smallholder farmers to produce a 
variety of nutrient dense crops (Ngenoh, Kurgat, Bett, Kebede, & Bokelmann, 2019). Further 
research into market information systems that can provide accurate information to farmers, 
and the use of producer organizations or contract farming to reduce risks and increase access 
to information could prove important in encouraging production of nutritious foods and 
improved nutritional status (Allen & de Brauw, 2018). Weather-based insurance has also been 
studied as a mechanism for risk reduction, however, smallholder farmers have been shown to 
be reluctant to purchase such insurance without subsidies, and before governments use limited 
funds for insurance subsidies, more research on returns on investment are warranted to ensure 
that insurance policies would actually encourage uptake of new technologies and diversified 
production (V. H. Smith, 2016). 
 
There are a variety of evidence-based options for reducing constraints on production of a 
variety of nutrient dense foods; however, more research is needed to better understand how 
best to address risk management for farmers and encourage production.  
 
 Research opportunities in production and supply 
 

1. Establish how investment in market information systems could help bridge the 
information gap that prevents farmers from making strategic marketing and production 
decisions (Allen & de Brauw, 2018; Ngenoh et al., 2019). 

2. Understand returns on investment from subsidizing crop insurance to smallholder 
farmers (V. H. Smith, 2016). 

3. Better understand the pros and cons of contract farming and other similar services in 
risk mitigation to encourage production (Allen & de Brauw, 2018).  

 
5.3 Consumption preferences and food demand 
 
What evidence is there about different levers that can shape consumer demand for nutritious foods?  
 
Equally as important as the availability of nutritious foods are consumer choices about what 
they consume. The food environment is instrumental in shaping demand for nutritious foods 
through the influence of many factors; prices, consumer income, information, beliefs, habits, 
culture, demographic status (age, education), food preparation time and convenience, storage 
capacity (refrigeration), and of course taste (Finaret & Masters, 2019). These factors may lead 
consumers to make food choices that are contrary to their own health and nutritional status. 
Policies and programs should consider how supporting the modification of any or all of the 
factors might encourage consumer behavior change towards healthier choices (Global Panel on 
Agriculture and Food Systems for Nutrition, 2017).  
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Two of the most powerful influencers of demand for nutritious foods are price and consumer 
income, though the food environment can also modify the effect of income on dietary choices 
(Herforth & Ahmed, 2015). Since the food price crises of 2008 and 2011, food prices and their 
influence on food affordability have become the focus of much international attention, and price 
volatility is only expected to increase in the future as climate change and food production 
becomes more volatile (Finaret & Masters, 2019). Already, insufficient supply of nutrient-dense 
foods due to producer constraints, combined with high post-harvest transaction costs, induce 
high prices that put consumers under constraints for what they can afford to purchase (Global 
Panel on Agriculture and Food Systems for Nutrition, 2017). Under a limited budget, 
consumers may be constrained to eating more high calorie dense foods than desired, as these 
foods tend to have lower prices due to longer shelf lives and lower transaction costs (Allen & 
de Brauw, 2018; Finaret & Masters, 2019). Research into understanding the cost of nutritious 
diets through innovative price indices such as the Cost of Nutrient-Adequacy (CoNA) which 
calculates the lowest-cost diet that includes foods from each of the five categories of the 
minimum diet diversity for women, is instrumental in determining the degree to which prices 
constrain healthy diets (Masters, Bai, et al., 2018). 
 
Taxes and subsidies are levers that could be used to allow consumers more purchasing power 
for healthy foods and discourage the purchase of less nutrient-dense foods; however, taxes may 
be regressive, and substitution effects are largely unknown (Allen & de Brauw, 2018; Finaret & 
Masters, 2019). The effects of taxes and subsidies also depend on the income and price 
elasticities of demand, or the extent to which changes in price and income influence changes in 
consumption of a good. Multi-country estimates have shown heterogeneity among income, 
prices, and different types of foods, as well as among different age and sex categories; while 
elasticities tend to decrease as national income decreases, there are some food categories for 
which this does not happen in certain age or sex categories. For example, fruit intake increased 
with rising incomes across all regions and demographic groups globally, although income effects 
were highest for older women, and lowest for younger men, especially those in higher income 
countries. Milk intake increased most with rising income in Sub-Saharan Africa. These food 
categories may represent strong preferences for certain types of foods in certain regions 
among some population groups and would influence the effectiveness of taxes or subsidies on 
these goods. Such considerations are important to understand when developing ideas for 
combatting the effects of rising income on food choices worldwide (Muhammad, D’Souza, 
Meade, Micha, & Mozaffarian, 2017). Subsidies on healthier foods may be more equitable than 
taxes on unhealthy foods, as would subsidizing or taxing specific nutrients instead of whole 
foods. To accomplish this, it would be necessary to estimate specific nutrient elasticities across 
multiple contexts (Finaret & Masters, 2019). 
 
While it is difficult to find evidence of the effects of taxes and subsidies in LMICs, as few 
developing countries have implemented such policies, there is promising evidence from high 
income countries that these policies can be effective in improving dietary behaviors and 
nutritional status. A systematic review on the effects of healthy food subsidies and unhealthy 
food taxes on dietary behaviors and nutritional status indicators found that both taxation and 
subsidy policies were effective ways of increasing consumption of healthy foods and decreasing 
purchase of foods high in fat, sugar, and salt. Authors caution against the potential effects of 
these policies on inequality (Niebylski, Redburn, Duhaney, & Campbell, 2015a). One study cited 
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in the review found that low-income women in France saw fewer benefits from food taxes and 
subsidies than their higher income counterparts. Relatively few studies had looked at health 
outcomes, but those that did found that when healthy food uptake was increased, 
improvements were also seen in body composition and blood pressure indicators (Niebylski, 
Redburn, Duhaney, & Campbell, 2015a). Authors note that many of the included studies were 
based on modeling and price elasticity, rather than experiments in the real world, that the 
interplay between taxes and subsidies and private sector engagement remains unclear, and that 
the definitions of healthy and unhealthy foods have not been standardized and remain the 
subject of debate. A later study (post review publication) on sugar-sweetened beverage 
purchases in Mexico before and after the implementation of an excise tax on sugary drinks, 
found a 6% decline in purchases of taxed sugar beverages, and a 4% increase in the purchase of 
untaxed other beverages. This represents a short-term change; more studies are needed on the 
longer-term effects of tax and subsidy policies (Colchero, Guerrero-López, Molina, & Rivera, 
2016).  
 
A more recent modeling exercise by Wilde et al., though limited to the United States, found 
that a 10% price reduction in fruits and vegetables could prevent 2.6% of cardiometabolic 
disease related deaths, and that a 10% tax on sugar-sweetened beverages and processed meats 
could prevent up to 5.9% of cardiometabolic related deaths (Wilde et al., 2018). A similar 
modeling exercise was conducted to estimate the effects of a 20% tax on sugar-sweetened 
beverages in South Africa on obesity among adults, and found that obesity could be reduced by 
3.8% with the implementation of this tax, which was proposed in 2016 and implemented in 
2018 (Manyema et al., 2014; National Treasury, 2016).  
 
Another common method of impacting the price/income pathway is through provision of social 
safety nets or transfers such as food vouchers or cash (Global Panel on Agriculture and Food 
Systems for Nutrition, 2017); however, the transfer impact on diet quality may be small due to 
substitution effects within staple food groups (Finaret & Masters, 2019). Food price spikes have 
different effects on the dietary patterns of different people, depending on their livelihoods; in 
general, net producers will gain from rises in food prices, whereas net consumers will suffer. It 
is thus important to determine how the welfare of different groups is impacted in various 
political and environmental contexts (Finaret & Masters, 2019).  
 
Access to information is important on the consumer (demand) side as well as the producer 
(supply) side. Consumer education, advertising campaigns, and labeling can impact nutritional 
status by providing more information on the nutrient value of a food product allowing 
consumers to make more informed decisions. More complex behavior change interventions can 
do more than simply provide information — they can help transform people’s ideas about 
making healthy choices. Marketing campaigns can also be used to promote the purchase and 
consumption of particular widely available nutritious foods such as milk, local fruits and 
vegetables (Global Panel on Agriculture and Food Systems for Nutrition, 2017). However, 
evidence is mixed for the actual effects of these informational interventions1 in LMICs, 
especially when it comes to links to overnutrition. While some governments and  

 
1 The term informational intervention is used to encompass all forms of behavior change communication, 
individual counseling, advertising and mass media hence the generic term informational.  
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non-governmental organizations have had success in influencing consumption of nutritious 
foods through behavior change campaigns and education (Global Panel on Agriculture and Food 
Systems for Nutrition, 2017), fruits and vegetables remain expensive, and as cheap, processed, 
and highly palatable foods become more available, consumers need information on what 
constitutes a healthy food choice. More research is necessary on the best ways to convey 
information about nutritious foods to populations, which many have not had formal schooling 
(Allen & de Brauw, 2018).  
 
A potential reason for the mixed results of informational and behavior change campaigns is the 
time burden of purchasing and preparing nutritious foods. Time costs incurred through food 
preparation make convenience foods attractive; even if healthy foods are available at low cost, 
the time cost associated with preparing the food may deter consumers from purchasing and 
preparing it. Those that are poor in income also tend to be poor in time. Especially in low 
income countries where women’s time, as the primary caregivers, is constrained and 
refrigeration is scarce so foods perish quickly, time costs can pose a significant burden and may 
push people towards processed, shelf-stable foods that do not require refrigeration (Herforth 
& Ahmed, 2015). Though convenience has emerged as a potentially important factor in dietary 
decision-making, further research is necessary to elucidate the role of convenience, time costs, 
food storage, and refrigeration in nutritious diets, and the ways in which programs and policies 
may use this to their advantage in promoting nutritious foods.    
 
Food-based dietary guidelines can be used to promote healthy nutritional choices, conduct 
educational sessions in food retail centers or workplaces, and set standards for feeding 
programs such as school feeding, however, most LMICs have yet to implement such guidelines, 
so evidence is lacking on their effectiveness in promoting healthy choices (Global Panel on 
Agriculture and Food Systems for Nutrition, 2017). Guidelines and educational campaigns in 
LMICs have different considerations than when implemented in high-income countries. Labeling 
campaigns, for example, may be useful in countries where the majority of citizens can read, but 
the use of these types of educational materials needs to be thoroughly thought through in 
places where many consumers are illiterate (Allen & de Brauw, 2018). Graphic food labels have 
been used to provide information on food content for those who cannot read words, but these 
systems require intense educational campaigns and even so, meanings may remain unclear to 
both literate and illiterate consumers (Chopera, Chagwena, Mushonga, & Chagwena, 2014). In 
addition, consumer response to food labels varies based on educational and socio-economic 
status; consumers experiencing higher levels of food insecurity have been shown to be more 
concerned with micronutrient intake, compared with richer consumers in urban areas who are 
more worried about high fat, sugar, and sodium content (Global Panel on Agriculture and Food 
Systems for Nutrition, 2017). Understanding what motivates interpretation of food labels or 
other promotional education campaigns designed to nudge consumers towards healthier 
choices can influence the effectiveness of actions to promote healthy food choices in LMICs.  
 
There is a fair amount of evidence pointing to positive effects of leveraging interventions to 
affect each of the drivers of consumer choices to encourage demand for nutritious foods, but 
much research is left to be done to fully understand how to best use these levers to influence 
nutritional status in LMICs. 
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Research opportunities in consumption and demand   
 

1. Research into understanding the cost of nutritious diets through innovative prices 
indices such as the Cost of Nutrient-Adequacy (CoNA), to determine the degree to 
which prices constrain healthy diets (Masters, Bai, et al., 2018). 

2. Gain a better understanding of the regressive nature of food taxes on unhealthy 
products (Allen & de Brauw, 2018; Finaret & Masters, 2019).  

3. Determine any substitution effects that happen with food taxes and subsidies (Allen & 
de Brauw, 2018; Finaret & Masters, 2019).  

4. Estimate specific nutrient elasticities across multiple contexts to determine how 
different demographic groups in different regions would react to food taxes or subsidies 
on certain categories of foods, based on the various income elasticities of demand 
(Finaret & Masters, 2019; Muhammad et al., 2017). 

5. Conduct real-world experiments that determine the effects of taxes and subsidies on 
diet quality and nutritional outcomes (Niebylski et al., 2015b). 

6. Investigate the interplay between taxes and subsidies and private sector engagement 
(Niebylski et al., 2015b). 

7. Develop standardized definitions for healthy and unhealthy foods so that policies 
regarding taxes and subsidies on different qualities of food can have a clear justification 
(Niebylski et al., 2015b) 

8. More studies are needed on the longer-term effects of tax and subsidy policies 
(Colchero et al., 2016).  

9. Determine the best ways to convey information about nutritious foods to populations in 
which many have not had formal schooling (Allen & de Brauw, 2018).  

10. Elucidate the role of convenience, time costs, food storage, and refrigeration in 
nutritious diets, and ways in which programs and policies may use this to their advantage 
in promoting nutritious foods (Herforth & Ahmed, 2015).  

11. Understand what motivates interpretation of food labels or other promotional 
education campaigns designed to nudge consumers towards healthier choices (Global 
Panel on Agriculture and Food Systems for Nutrition, 2016).  

 
5.4 Summary of research opportunities  
 

1. Estimation of the effects of trade policies on nutritional outcomes (Adjaye-Gbewonyo et 
al., 2019). 

2. Studies of how market infrastructure interventions have impacted food prices, safety 
and quality of foods, and nutritional status (Allen & de Brauw, 2018; Pingali, 2015). 

3. Research on the role of intermediaries between producers and consumers on nutrition 
outcomes. 

4. Understanding of how local markets currently function, how the food redistribution 
system works, and the types of infrastructural changes necessary to strengthen rural 
markets (Ickowitz et al., 2019).  

5. Establish how investment in market information systems could help bridge the 
information gap that prevents farmers from making strategic marketing and production 
decisions (Allen & de Brauw, 2018; Ngenoh et al., 2019). 
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6. Understand returns on investment from subsidizing crop insurance to smallholder 
farmers (V. H. Smith, 2016). 

7. Better understand the pros and cons of contract farming and other similar services in 
risk mitigation to encourage production (Allen & de Brauw, 2018).  

8. Research into understanding the cost of nutritious diets through innovative prices 
indices such as the Cost of Nutrient-Adequacy (CoNA), to determine the degree to 
which prices constrain healthy diets (Masters, Bai, et al., 2018). 

9. Gain a better understanding of the regressive nature of food taxes on unhealthy 
products (Allen & de Brauw, 2018; Finaret & Masters, 2019).  

10. Determine any substitution effects that happen with food taxes and subsidies (Allen & 
de Brauw, 2018; Finaret & Masters, 2019).  

11. Estimate specific nutrient elasticities across multiple contexts to determine how 
different demographic groups in different regions would react to food taxes or subsidies 
on certain categories of foods, based on the various income elasticities of demand 
(Finaret & Masters, 2019; Muhammad et al., 2017). 

12. Conduct real-world experiments that determine the effects of taxes and subsidies on 
diet quality and nutritional outcomes (Niebylski et al., 2015b). 

13. Investigate the interplay between taxes and subsidies and private sector engagement 
(Niebylski et al., 2015b). 

14. Develop standardized definitions for healthy and unhealthy foods so that policies 
regarding taxes and subsidies on different qualities of food can have a clear justification 
(Niebylski et al., 2015b) 

15. More studies are needed on the longer-term effects of tax and subsidy policies 
(Colchero et al., 2016).  

16. Determine the best ways to convey information about nutritious foods to populations in 
which many have not had formal schooling (Allen & de Brauw, 2018).  

17. Elucidate the role of convenience, time costs, food storage, and refrigeration in 
nutritious diets, and ways in which programs and policies may use this to their advantage 
in promoting nutritious foods (Herforth & Ahmed, 2015).  

18. Understand what motivates interpretation of food labels or other promotional 
education campaigns designed to nudge consumers towards healthier choices (Global 
Panel on Agriculture and Food Systems for Nutrition, 2016).  
 

6. Processing 
 
Food processing links agricultural production with food consumption by turning fresh foods and 
raw materials into more shelf-stable and palatable food products (Augustin et al., 2016). 
Common practices in food processing include: milling, cooling/freezing, smoking, heating, 
canning, fermentation, drying, and extrusion cooking (Augustin et al., 2016). Depending on the 
methods and processes used, food processing can play both negative and positive roles in food 
systems-nutrition linkages through its impacts on food quality. The definition of processed and 
ultra-processed foods is the subject of heavy debate. A processed food, according to the United 
States Department of Agriculture (USDA) is any food that has been through any procedure that 
alters it from its natural state, including: washing, cleaning, milling, cutting, chopping, heating, 
pasteurizing, blanching, cooking, canning, freezing, drying, dehydrating, mixing, or packaging 
(USDA, 2019). This definition is clearly broad and cannot be used to differentiate between 
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types of processing that can aid with food safety and quality, and types that can degrade the 
quality of foods. Perhaps one of the most widely recognized, but still controversial, definitions 
intended to identify how processing affects food quality is derived from the NOVA food 
classification system set out by the School of Public Health of the University of Sao Paulo, 
Brazil, which defines processed foods as products made by adding sugar, oil, salt or other 
refined culinary ingredients to raw foods, and ultra-processed foods as those that contain five 
or more added ingredients whose purpose is to increase palatability by disguising undesirable 
sensory qualities (Monteiro et al., 2016). Though food processing has been an essential part of 
the food production chain to some degree since prehistoric times, intake of “processed foods” 
and “ultra-processed foods” has increased worldwide and their influence is spreading more and 
more into LMICs (Augustin et al., 2016). The goal of the following section is to review the 
evidence about both the detrimental and positive effects of food processing on nutrition and 
identify areas where further research is needed. In this section, research opportunities are not 
given by sub-section, rather they are reported only in section 6.3 in the summary of research 
opportunities, due to the nature of the topical division of the sub-sections. 
 
6.1 Detrimental effects of food processing on nutritional status   
 
What evidence is there about the detrimental effects of food processing on nutritional status? 
 
The detrimental effects of food processing on food quality are relatively straightforward. Heat 
treatment can reduce food quality through degradation of certain nutrients (including water- 
and fat-soluble vitamins), introduce trans fats, and form acrylamide (Barrett, 2007). The 
additions of sugar, fat, salt, and refined starches in formulated foods not only increases intake of 
these nutrients that should be limited in people’s diets, but also increases palatability which may 
lead to overconsumption (Augustin et al., 2016). On the other hand, processing, including new 
technologies such as high pressure processing, pulsed electric field, cool plasma, and UV 
radiation, is used to destroy food-borne microbes and toxins, improve bioavailability of 
nutrients, and improve shelf-life, increasing both food safety and food quality (Augustin et al., 
2016). 
 
The growth of the processed food sector is driving a rapid transition of the agricultural sector 
and diets of both rich and poor people in LMICs; increased use of such processed foods has 
been linked to increases in BMI and non-communicable diseases such as diabetes and cardio-
vascular disease (Augustin et al., 2016). Researchers should now seek to understand what these 
changing trends in consumption of processed foods means for the agricultural sector and its 
food value chain as well as health (Popkin, 2014b). 
 
6.2 Positive effects of food processing on nutritional status  
 
How has food processing positively impacted nutritional status? 
 
Food fortification is a type of processing used to add micronutrients to food products and has 
proven effective at reaching vulnerable populations through existing food delivery systems; 
however, mass fortification may not reach the most vulnerable populations, as fortified foods 
are not affordable for some (Osendarp et al., 2018). Although the efficacy of fortification has 
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been proven, with major success stories in iron, iodine, and folic acid fortification, the 
effectiveness of fortified foods in improving population food quality is dependent on the 
monitoring of quality assurance and compliance with standards in order to ensure adequate 
fortification and avoid overconsumption of nutrients such as fats and trans fats (Osendarp et al., 
2018). And while universal fortification with folic acid has been successful in reducing neural-
tube defects where implemented, evidence suggests that increased folate intake may also have 
adverse health effects (Choi, Yates, Veysey, Heo, & Lucock, 2014); it is therefore important to 
determine how targeting can help minimize risks. Also unknown is the effectiveness of 
fortification in terms of functional outcomes such as growth, cognition, morbidity and mortality 
(Osendarp et al., 2018). In addition, changes in dietary habits may influence the effectiveness of 
fortification if consumption of the fortified vehicle changes, and the effects of such dietary shifts 
should be considered in future fortification efforts (Osendarp et al., 2018). 
 
To enhance the effectiveness of processing strategies in the future, consideration should be 
given to strategies that provide incentives, either financial or promotional, for processors and 
retailers to sell foods made with less sodium and a higher proportion of fruits and vegetables 
and healthy oils (High Level Panel of Experts on Food Security and Nutrition of the Committee 
on World Food Security, 2017). In addition, efforts should be made to increase energy 
efficiency of processing to reduce environmental effects. Changes to processing strategies will 
require better government coordination, reformulations, public education, food labeling, and 
robust monitoring and evaluation (Augustin et al., 2016; High Level Panel of Experts on Food 
Security and Nutrition of the Committee on World Food Security, 2017). 
 
6.3 Summary of research opportunities  
 

1. Determine how different types of incentives to processors and retailers can influence 
food processing (High Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security, 2017). 

2. More research into technologies that disrupt microbial cells but retain nutrients and 
flavor molecules (Augustin et al., 2016).  

3. Understand how food processing can be better applied to create food products more 
efficiency, with fewer resources and lower waste production (Augustin et al., 2016).  

4. Assess the cost-effectiveness and monetary benefits of food fortification (Osendarp et 
al., 2018). 

5. Determine the effectiveness of food fortification for functional outcomes such as 
growth, cognition, morbidity, and mortality (Osendarp et al., 2018). 

6. Understand how changes in dietary patterns influence the effectiveness of fortification 
(Osendarp et al., 2018).  

 
7. Food safety 
 
Foods that are important to high quality diets are often associated with food safety hazards. 
Fresh, perishable, micronutrient-dense foods such as vegetables, fruits, meats and dairy 
products are at high risk of being contaminated by harmful micro-organisms (bacteria, viruses) 
and chemical residues (pesticides and/or any chemicals used in improving shelf life) associated 
with foodborne diseases. In addition, staple crops can be contaminated with natural toxins 
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(mycotoxins), and chemical residues (pesticides) associated with foodborne diseases (Global 
Panel on Agriculture and Food Systems for Nutrition, 2016). These are often traded in local, 
informal markets in LMICs, posing a risk to public health (Delia & Roesel, 2014; Jaffee, Henson, 
Unnevehr, Grace, & Cassou, 2018). Rapid changes in global food systems have altered exposure 
to contaminants, with important consequences for nutrition and health. As food supply chains 
become more complex, detection and removal of unsafe foods becomes more challenging.  
 
Low food safety throughout the various segments of the food supply chain from production to 
storage to consumption can lead to malabsorption of nutrients, diarrhea, infectious disease, 
poor birth outcomes, growth faltering, and in some cases result in mortality. The global burden 
of foodborne disease is known to fall disproportionately on children under age five and in 
populations of low- and middle-income countries in Asia and Africa (Jaffee et al., 2018). Persons 
living in LMICs, where regulatory, surveillance, and control systems are unable to address the 
array of potential hazards, are at higher risk for foodborne diseases.  
 
The global burden of foodborne disease is considerable. In 2010, foodborne diseases were 
responsible for 33 million disability adjusted life years. According to the World Health 
Organization’s (WHO) 2015 report on the global burden of foodborne disease (World Health 
Organization (WHO), 2015), foodborne hazards caused 600 million cases of foodborne illness 
and 420,000 deaths in 2010, and 40% of the foodborne disease burden occurred among 
children under five years of age (World Health Organization (WHO), 2015). Unsafe water, 
poor food-production and food-handling practices, inadequate food storage infrastructure and 
poorly enforced regulatory standards contribute to high foodborne disease risk environments 
(Global Panel on Agriculture and Food Systems for Nutrition, 2016). In addition to negative 
health effects, consumption of unsafe foods can have economic costs (Hoffmann & Moser, 
2017). Food safety issues can affect trade, rural incomes and purchasing power, worker 
productivity, and consumer confidence (Global Panel on Agriculture and Food Systems for 
Nutrition, 2017).  
 
This section presents evidence around food safety issues throughout the food system, and 
identifies research opportunities for mitigation of these risks, which are critical considerations 
for food systems-nutrition linkages. 
 
7.1 Production  
 
What is the link between food safety during food production and nutrition? 
 
Application and compliance of food safety standards and sound agricultural practices can help 
reduce foodborne illness for the members of farming households as well as for buyers and 
consumers. Poor food handling, including the inappropriate use of agricultural pesticides, 
herbicides, and other chemicals, is an area of concern in crop production processes. The health 
effects of occupational exposure to pesticides are well-documented, yet dietary consequences 
of exposure remain poorly understood. Some evidence has pointed to a relationship between 
pesticides and stunting (Food and Agriculture Organization, 2012; Neff et al., 2012; Shankar et 
al., 2019), but more evidence is needed to better understand this relationship and determine 
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what types of interventions could help reduce pesticide exposure without compromising crop 
production.  
 
Water and soil use during production can also affect food safety. Certain soil contaminants, 
such as (groundwater) arsenic, can be damaging to human health (Murcott, 2012). Foodborne 
arsenic has been estimated to contribute to 70,000 cases a year of bladder, lung and skin cancer 
in LMICs (Oberoi, Barchowsky, & Wu, 2014). Another important risk to public health is the use 
of unsafe irrigation water to grow fruits and vegetables (Ensink, Mahmood, & Dalsgaard, 2007; 
Pachepsky, Shelton, McLain, Patel, & Mandrell, 2011). Water used for irrigation purposes can be 
contaminated with helminths, protozoa, viruses and disease-causing bacteria, especially in 
regions where wastewater is being used in farming due to the rising scarcity in irrigation water 
(Antwi-Agyei et al., 2015). Water-based foods like shellfish can also be contaminated if the 
water source has pathogenic organisms, such as Vibrio spp. or enteric viruses (WHO, 2015). 
 
Production of animal sourced foods is another critical point for mitigating food safety risks. 
While animal sourced-foods (ASF) are excellent sources of protein and key micronutrients (i.e. 
iron, zinc, vitamin A, vitamin B12, and calcium) that are essential for physical and cognitive 
growth, intensification of animal production systems, as a response to a growing demand for 
ASF particularly in LMICs, is generating food safety concerns (Global Panel on Agriculture and 
Food Systems for Nutrition, 2016). Per capita expenditure on perishables is set to quadruple by 
2040 and the total market size will increase by a factor of eight in East and South Africa 
(Tschirley, Reardon, Dolislager, & Snyder, 2015). ASFs are perishable and highly susceptible to 
foodborne pathogens (Vipham, Chaves, & Trinetta, 2018). For example, consumers may 
become ill if they consume milk produced by cows infected with Salmonella (Delia & Roesel, 
2014). Consumers can also be exposed to environmental toxins if they consume milk or meat 
products from cows that have consumed aflatoxin-contaminated feed. Although another public 
health concern related to livestock production is the spread of antimicrobial resistance resulting 
from widespread antibiotic use in livestock production, there is limited evidence on the impacts 
of antibiotic use on human health (Delia Grace, 2015b). In many LMICs, most animal source 
foods and produce are produced by smallholders and sold in informal markets (Gómez & 
Ricketts, 2013), which often lack adequate resources and infrastructure to safely handle and 
process animal products and a lack of food safety hazard controls in animal value chains can 
result in compromised health and nutrition. 
 
Food safety during production is clearly important for health and nutrition, and more pointed 
research is called for to better understand the dietary consequences of exposure to food safety 
issues that occur during production, as well as research into mitigation of risks from these food 
safety issues. 
 
Research opportunities in food safety during production   
 

1. Investigate dietary consequences of exposure to pesticides (Neff et al., 2012).  
2. Determine interventions that would limit pesticide exposure without compromising 

crop production (Neff et al., 2012). 
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3. Determine methods of reducing water and irrigation related food safety issues during 
production, including testing of the effectiveness of regulations (Antwi-Agyei et al., 
2015).  

4. Research the impacts of antibiotic use in livestock production on human health and 
nutrition (Delia Grace, 2015b). 

5. Study food safety concerns related to livestock sold in informal markets by producers to 
better understand what types of interventions may be necessary to reduce risks 
(Gómez & Ricketts, 2013). 

 
7.2 Post-harvest  
 
What are the food safety issues that affect nutrition in the post-harvest phase, and how can they be 
mitigated? 
 
Poor sanitary facilities during storage and poor personal hygiene during handling and processing 
may result in food contamination in the post-harvest period. Adequate infrastructure is 
necessary to facilitate good hygiene practices and protect foods from flies, other insects or 
rodents that may spread pathogens to food. Infected food handlers should be kept away from 
fresh foods. Use of unsafe water to wash or process fruits and vegetables is another common 
source of contamination with harmful bacteria, and measures to encourage people to use clean 
water to wash fruits and vegetables are important if contamination is to be reduced (WHO, 
2015).  
 
Poor agricultural practices, inadequate drying, and sub-optimal storage conditions can result in 
mycotoxin production. Mycotoxins, natural contaminants of food and agricultural products, 
have recently garnered attention for their potential role in impairing growth outcomes and 
linear growth impairment in children. While aflatoxins are the most studied mycotoxin, other 
mycotoxins such as fumonisins and deoxynivalenol are also suspected to contribute to poor 
child health and development. Associations have been shown in recent human studies between 
aflatoxins and adverse birth outcomes and impaired growth (Andrews-Trevino et al., 2019; 
Hoffmann, Jones, & Leroy, 2018; Lauer et al., 2019; Lombard, 2014; Christopher P. Wild & 
Gong, 2010; Christopher Paul Wild, 2007). Mycotoxins are also associated with stunted growth 
and health problems in animals (Omotayo, Omotayo, Mwanza, & Babalola, 2019). Two 
proposed causal pathways for the relationship between mycotoxins and poor growth are 
through the propagation of environmental enteric dysfunction (EED) and disturbance of the 
insulin-like growth factor I (IGF-1) axis. While there may be a small but significant relationship 
between aflatoxins and growth, a recent study reported that this relationship could not be 
explained by aflatoxin induced changes in the IGF-axis (L. E. Smith et al., 2015; Watson et al., 
2018). To date, little is known of the role of mycotoxins in mediating enteropathy (L. E. Smith, 
Stoltzfus, & Prendergast, 2012). A better evidence base is needed on how to best prevent 
mycotoxin exposure from impacting human and animal health. 
 
Regulations that do exist for mycotoxin control are difficult to enforce in subsistence farming 
communities (Christopher P. Wild & Gong, 2010). Stringent regulations characteristic of high-
income countries that could reduce exposure to mycotoxins are lacking in LMICs, despite the 
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fact that exposure in these countries is highest and have a high probability of contributing to the 
health burden because of trade restrictions (Christopher P. Wild & Gong, 2010). 
 
Proven methods of reducing exposure to mycotoxins include removal of mold from agricultural 
products, improved drying facilities, chemical acids, bases, salts, and oxidizing agents, and 
biological control strategies (i.e. Aflasafe) (Unnevehr et al., 2013). Some recent work has shown 
low cost tools and technologies, such as DryCards and hermetic containers (e.g. Purdue 
Improved Crop Storage (PICS) bags) can help prevent aflatoxin accumulation in storage (Feed 
the Future Innovation Lab for Horticulture, 2019; Williams, Baributsa, & Woloshuk, 2014). High 
heat can also reduce mycotoxin content, but the trade-off is that it can also result in the loss of 
essential nutrients.  
 
Food safety issues in the post-harvest phase, especially those related to mycotoxins, have been 
linked in empirical studies to growth deficits and adverse birth outcomes. 
 
Research opportunities in post-harvest food safety 
 
1. Determine the role of mycotoxins in the pathogenesis of EED and childhood stunting. 
2. Determine methods to enforce mycotoxin regulations among farmers in LMICs 

(Christopher P. Wild & Gong, 2010). 
3. Add to the evidence base on how to best prevent mycotoxin exposure from impacting 

human health, including growth (Christopher P. Wild & Gong, 2010). 
4. Determine how effects seen at birth persist during a child’s growth. 
5. Determine how the mother’s health and nutrition is affected by high mycotoxin levels 

(aside from poor birth outcomes).   
6. What cost-effective interventions and practices can help smallholders better understand 

and manage food safety threats. 
  
7.3 Marketplace 
 
How are marketplace food safety issues related to nutritional status? 
 
While hazards can also be introduced during processing and retailing of food, well-functioning 
markets can provide an array of incentives for farmers and food business operators to provide 
safe products for consumers. However, if markets lack appropriate infrastructure, food safety 
can be compromised. We find very little evidence on food safety in markets in LMICs; however, 
informal markets in LMICs often lack storage and cooling facilities for perishable food items, 
jeopardizing food safety (Delia Grace, 2015a). A series of studies by the International Livestock 
Research Institute found high microbial loads of pathogens responsible for diseases such as 
tuberculosis, listeriosis, and salmonellosis (among others) in meat and milk products in multiple 
Sub-Saharan African countries (D Grace, Makita, Ethe, & Bonfoh, 2010). Additionally, poor 
hygiene practices by traders and vendors can result in a transfer of pathogens to produce. 
While improving hygiene practices in informal markets can be challenging, and “command and 
control” regulations, involving inspection of products backed by litigation if harm occurs, have 
not been effective at reducing risks, there have been certain promising participatory approaches 
that have engaged informal food traders and vendors (D Grace et al., 2010). These approaches 
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involve risk analysis in which potential hazards are assessed and points deemed critical to food 
safety are monitored regularly and remedial actions recommended if the hazards are not 
contained. Training and increasing capacity of those operating food businesses have helped bring 
the informal sector under the food safety regulatory systems, but additional research about 
how more participatory approaches that involve the vendors’ input can increase food safety are 
needed (Alonso, Muunda, Ahlberg, Blackmore, & Grace, 2018). 
 
Another area of interest in marketplace food safety is that of the sale of expired foods. We find 
no recent studies on expired products sold by vendors or in markets in LMICs, despite the 
importance of food expiration for food safety in the marketplace. Studies should be conducted 
to determine the prevalence of expired foods in marketplaces, as well as any effects of the sale 
of these foods on nutrition.  
 
Research opportunities in marketplace food safety 
 

1. Updated research on hygiene practices among food vendors, and how this is related to 
nutritional status (Delia Grace, 2015a). 

2. Understand how to better encourage food vendors to achieve food safety in the 
marketplace with limited infrastructure (D Grace et al., 2010).  

3. Studies on expired foods in the marketplace, and their role in nutrition. 
  
7.4 Utilization 
 
How is food safety during utilization in the home connected to nutritional status? 
 
The way that consumers handle foods in the home is the last food safety step along the food 
value chain. Even if foods remain safe throughout the value chain, if they are not properly 
handled at the household level by consumers, food quality and nutrition can be compromised at 
this stage, leading to foodborne illness (Lagerkvist, Amuakwa-Mensah, & Tei Mensah, 2018). 
Various factors have been shown to influence food safety at the household level.  
 
For one, poor personal hygiene and use of unsafe water can result in microbial contamination 
of perishable foods at home. The water, sanitation, and hygiene (WASH) environment of a 
household can impact food safety during consumption, and subsequently nutritional status, 
especially among children. The condition of EED is a major public health concern in LMICs due 
to its association with impaired growth in young children (Campbell, Elia, & Lunn, 2018; Kosek 
et al., 2013; Ordiz et al., 2016; Weisz et al., 2012). After frequent gastrointestinal infections due 
to exposure to environmental pathogens, children may develop EED (described previously in 
the livestock ownership section) and experience growth faltering (Cunningham et al., 2019; 
Finaret & Masters, 2019; Headey et al., 2017; Lauer, Duggan, Ausman, Griffiths, Webb, Agaba, 
et al., 2018; Lauer, Duggan, Ausman, Griffiths, Webb, Bashaasha, et al., 2018). EED biomarkers 
that reflect microbial translocation were associated with poor birth outcomes in a longitudinal 
study conducted on pregnant women in Uganda (Lauer, Duggan, Ausman, Griffiths, Webb, 
Agaba, et al., 2018) While the exact definition of EED has yet to be established, two conditions 
have been proposed as pathways by which EED can inhibit growth in young children – 
malabsorption of nutrients and systemic immune response (Keusch et al., 2013; Lunn, 2000). 
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The role of the gut microbiome in facilitating (or impeding) growth is being assessed by several 
studies and changes in the gut microbiome have been proposed as other potential 
consequences and markers of EED. However, this is a relatively new area of research and it is 
not yet clear if observed changes are signs of EED or are a function of host characteristics such 
as age or genetics (Gough, Prendergast, Mutasa, Stoltzfus, & Manges, 2015; Keusch et al., 2014).    
 
It has been hypothesized that poor WASH conditions, such as lack of clean water, lack of hand 
washing facilities, lack of safe and sanitary food storage and preparation, result in changes to 
intestinal microbiota and the structure and function of the small intestine (Keusch et al., 2014). 
Studies have shown evidence of a link between WASH and EED (A. Lin et al., 2013; L. E. Smith 
et al., 2015), and a growing body of literature has shown that subclinical infections and 
exposure to specific enteric pathogens may contribute to growth faltering (Lauer, Duggan, 
Ausman, Griffiths, Webb, Bashaasha, et al., 2018; Prendergast et al., 2014; Syed & Duggan, 
2016). However, evidence from two recent large trials testing the effects of adding WASH 
interventions to food supplementation to influence nutritional status have shown null effects of 
handwashing, water decontamination tablets, and latrine construction interventions on growth 
outcomes (Humphrey et al., 2018; Null et al., 2018). The lack of evidence for a correlation 
between improved WASH and growth necessitates further study of the causal pathways for 
EED, including how environmental contexts and food safety throughout the food system 
influences health and nutrition outcomes (Finaret & Masters, 2019; Headey et al., 2017). 
 
In addition, foods that have reached consumers can also be contaminated with mycotoxins. As 
mycotoxins are highly resistant to destruction through processing and cooking, if primary 
prevention at earlier points in the food chain fail, and foods are contaminated with mycotoxins 
once they reach consumers, the only solution at that stage is modifying the effects of 
mycotoxins once they have been ingested by preventing absorption or modifying metabolism 
(Christopher P. Wild & Gong, 2010). Prevention of absorption of aflatoxin has been achieved 
with clay-filled feeds and foods (Wang et al., 2008). More research on the scalability and 
feasibility of widespread use of these techniques is necessary. 
 
Research opportunities for food safety during utilization 
 

1. Investigate individual health and diet consequences of exposure to pesticides (Neff et al., 
2012).  

2. Research about the casual pathways from poor food safety (pathogenic and/or 
contaminant exposure in consumption), WASH (poor individual practices and risk 
factors) and health and nutrition outcomes such as childhood stunting (Finaret & 
Masters, 2019; Headey et al; 2017).  

3. Assess the potential to scale up the prevention of absorption of aflatoxin (after 
ingestion) (Christopher P Wild & Gong, 2010, Wang et al., 2008).   

4. Determine interventions that would limit pesticide exposure in individuals at the 
utilization stage without compromising crop production (Neff et al., 2012). 

5. Research the impacts of antibiotic use in livestock production on human health and 
nutrition at the point of consumption (Delia Grace, 2015b). 
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6. Study food safety concerns related to livestock sold in informal markets by producers to 
better understand what types of interventions may be necessary to reduce risks 
(Gómez & Ricketts, 2013). 

 
 
7.5 Summary of research opportunities 
 

1. Investigate dietary consequences of exposure to pesticides (Neff et al., 2012).  
2. Determine interventions that would limit pesticide exposure without compromising 

crop production (Neff et al., 2012). 
3. Determine methods of reducing water and irrigation related food safety issues during 

production, including testing of the effectiveness of regulations (Antwi-Agyei et al., 
2015).  

4. Research the impacts of antibiotic use in livestock production on human health and 
nutrition (Delia Grace, 2015b). 

5. Study food safety concerns related to livestock sold in informal markets by producers to 
better understand what types of interventions may be necessary to reduce risks 
(Gómez & Ricketts, 2013). 

6. Determine the role of mycotoxins in the pathogenesis of EED and childhood stunting. 
7. Determine methods to enforce mycotoxin regulations among farmers in LMICs 

(Christopher P. Wild & Gong, 2010). 
8. Add to the evidence base on how to best prevent mycotoxin exposure from impacting 

human health, including growth (Christopher P. Wild & Gong, 2010). 
9. Updated research on hygiene practices among food vendors, and how this is related to 

nutritional status (Delia Grace, 2015a). 
10. Understand how to better encourage food vendors to achieve food safety in the 

marketplace with limited infrastructure (D Grace et al., 2010).  
11. Studies on expired foods in the marketplace, and their role in nutrition. 

 
8. Food loss and waste 
 
Food loss and waste estimates range from about one third to one quarter of food that is 
produced for human consumption lost within the food supply chain, meaning that roughly 1.3 
billion tons of food are lost each year (Gustavsson, Cederberg, Sonesson, van Otterdijk, & 
Meybeck, 2011; Kummu et al., 2012). The distinction between what is considered food loss and 
what is considered waste is generally made based on where in the supply chain the loss is 
happening. Food losses take place during production, harvest, storage, transportation, and 
distribution to consumers. Waste, however, refers to what happens to the food once it is in 
the hands of the consumers, and is more related to consumer behavior than to supply chain 
issues (Parfitt, Barthel, & MacNaughton, 2010). 
 
By 2050, we will need to feed 9 billion people, and reducing food losses is considered a critical 
step towards ensuring food security in the coming decades (Kummu et al., 2012). Reduction of 
food loss is essential for sustainable production and consumption (Caron et al., 2018), as food 
loss impacts scarce natural resources such as freshwater, cropland, and fertilizers (Kummu et 
al., 2012). In LMICs, the bulk of food that does not end up getting consumed gets lost due to 
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inadequate technology or lack of appropriate infrastructure and knowledge during the 
agricultural and post-harvest steps of the food supply chain. Very little waste is observed at the 
consumer level, where losses typically occur in higher income countries (Kumar & Kalita, 2017; 
Kummu et al., 2012; Willett et al., 2019). We thus focus in this review on evidence about food 
losses and the effectiveness of technologies designed to limit losses. As in section 6 of this 
review, due to the organizational content of this section, the research opportunities for this 
section are summarized at the end of the section. 
 
Globally, there are numerous drivers of food loss: a) urbanization, b) dietary transitions, and c) 
consumer choices. Urbanization and reductions in the proportion of the world’s population 
involved in agriculture has required more food products to be transported over longer 
distances. Up to 70% of the global population is expected to live in urban areas by 2050, 
increasing the potential for food loss (Parfitt et al., 2010). This is compounded by the dietary 
transition including the shift from shelf-stable cereals to more diverse foods such as fruits, 
vegetables, and animal sourced foods, which have shorter shelf lives (Parfitt et al., 2010). In 
addition, increased market liberalization, globalization and trade provides opportunities for 
exports, but threatens the development of internal markets, which suffer fewer losses, as 
imported foods are less expensive to consumers and of higher quality. Lastly, at an individual 
level, consumer choice has increased as the proportion of income spent on food has decreased, 
increasing wasteful behavior (Parfitt et al., 2010). If a “minimum loss scenario” is achieved, 
meaning the lowest loss and waste percentages in any region in each step of the food supply 
chain, global food supply losses could be cut in half, increasing food availability to reach one 
billion extra people (Kummu et al., 2012).  
 
8.1 Household level pre and post-harvest loss and effectiveness of technologies 
 
How have advancements in technologies used at the household level mitigated post-harvest loss and 
impacted the availability of nutritious foods? 
 
At the household level, post-harvest losses can affect both the income of farmers as well as the 
availability of sufficient food. Spillage during harvesting and degradation during storage are big 
issues for agricultural products, and for animal products, losses in output can occur if animals 
die or if they become ill and produce less milk (Gustavsson et al., 2011). Cereals are still a 
majority of the food supply and account for most of the food loss. Technologies and 
infrastructure improvements that lower transactions costs and minimize post-harvest losses 
due to inadequate cooling, supply chain damage, and sub-par drying and storage are needed to 
shift this bias and encourage production and marketing of the often more perishable nutrient-
dense foods that contain key micronutrients of concern (vitamin A, zinc, iodine, iron) (Allen & 
de Brauw, 2018; Horticulture Innovation Lab World Food Center & Program in International 
and Community Nutrition, 2018).  
 
A significant research gap has been noted around the mitigation of post-harvest loss particularly 
of high value/nutrient dense crops such as fruits and vegetables (Bill and Melinda Gates 
Foundation & UKAID, 2019) and there is consensus in the development community that 
investment in post-harvest loss reduction could be a quick impact intervention for enhancing 
food security and thus improving nutrition (Affognon, Mutungi, Sanginga, & Borgemeister, 
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2015). Reducing post-harvest loss also has positive impacts on the environment and climate, 
enhancing farm level productivity and reducing utilization of production resources in fragile eco-
systems. A meta-analysis by Affognon et al. 2015 found spotty and scanty data from Sub Saharan 
Africa across commodities and points in the value chain; those data that exist are of poor 
quality. Most of the post-harvest loss estimates (weight of edible mass lost or volume of food 
discarded) are focused on one commodity (maize). Authors recommend supporting 
complementary post-harvest loss assessments along the value chain for food commodities of 
nutritional importance (Affognon et al., 2015). 
 
Nevertheless, within the context of reducing producer constraints due to post-harvest losses, 
simple on-farm innovations and management practices do exist and have the potential to 
encourage production of perishable nutrient dense foods. These include shade structures to 
house recent harvests, evaporative charcoal coolers and zero energy cool chambers, small-scale 
insulated rooms that use low-cost CoolBotTM controllers, solar dryers, and DryCardTM, a 
technology that uses cobalt chloride as an indicator showing whether or not the products have 
been sufficiently dried (Horticulture Innovation Lab World Food Center & Program in 
International and Community Nutrition, 2018). While these innovations may hold promise, 
their feasibility, cost-effectiveness and scalability for increasing production, access and availability 
of fruits, vegetables, and animal-sourced foods remains to be seen. For farmers to take on the 
risk of investing in and adopting these new technologies, they need to be confident that their 
investments will pay off and that benefits of the technologies at production level, for example, 
will not be thwarted by later breaks in the cold chain. In depth analysis of cold chain systems in 
different contexts is essential to determining which technologies farmers should invest in to 
minimize losses and maximize benefits (Kitinoja, 2013).       
 
8.2 Population level interventions to minimize losses 
 
How can population level interventions minimize food loss? 
 
At the population level, major causes of food loss in LMICs are lack of market access, poor 
harvest timing, rough handling of produce, and poor storage facilities (e.g. refrigeration) (Willett 
et al., 2019). Research on minimizing food losses has shown that the largest potential for 
reducing food losses is in agricultural losses in regions where there is the least need for extra 
food supply, and the smallest potential is in post-harvest losses and in regions where there is 
rapid population growth and high prevalence of malnutrition (Kummu et al., 2012). 
Improvements to market infrastructure and technology could potentially reduce food loss, but 
better measurement of food loss is needed to be able to evaluate the efficacy of such 
improvements (Parfitt et al., 2010). Food loss measurement methods vary over different regions 
and contexts, and loss measured over time as a constant proportion of food consumed could 
be inaccurate (Parfitt et al., 2010). 
 
Some examples of population level interventions to minimize losses are transportation and 
infrastructural improvements (roads), local processing, storage facilities for perishable foods, 
and temperature-controlled supply chains. There is some evidence that transportation 
development, known to be a driver of economic growth, could be related to nutrition 
outcomes in children under five. Thapa and Shively 2018 found a dose response function for 
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height for age and weight for height Z-scores, suggesting that roads and road quality do matter 
for short term and long-term nutrition outcomes (Thapa & Shively, 2018). More evidence is 
needed, however, on the impact of market transformations and improvements to infrastructure 
on food loss.  
    
8.3 Research opportunities 
 

1. Better measurement of food losses to establish a firm evidence base from which to 
assess food loss and waste globally (Kummu et al., 2012; Parfitt et al., 2010). 

2. Understand the impact of market transformation and improvements to infrastructure on 
food loss (Parfitt et al., 2010). 

3. Determine different types of incentives for growers to adopt on-farm practices 
(improved harvesting and storage techniques) to reduce food loss (Kitinoja, 2013).  

4. Rigorous post-harvest loss assessments throughout the value chain of multiple 
commodities of nutritional importance (Affognon et al., 2015). 

5. In-depth systems assessment of cold chains in various contexts to determine how 
farmers’ investments in cold-chain technologies at the production level are supported 
throughout the cold chain (Kitinoja, 2013). 

6. Assess the feasibility, cost-effectiveness and scalability of innovations in post-harvest 
technologies for increasing production, access and availability of fruits, vegetables, and 
animal-sourced foods (Horticulture Innovation Lab World Food Center & Program in 
International and Community Nutrition, 2018). 

 
9. Cross-cutting themes 
 
There are several cross-cutting issues that have important implications throughout the food 
system. These themes and research opportunities therein are explored in this section. 
 
9.1 Gender 
 
What evidence is there for the role of gender in food systems nutrition linkages? 
 
That gender plays an important role along the food systems to nutrition pathways has been 
clearly articulated across the different reviews and research initiatives around agriculture, food 
systems and nutrition (Haddad et al., 2016; Malapit et al., 2014; Ruel et al., 2018). Women 
represent a large portion of the agricultural sector yet are often subject to barriers such as 
limited decision making and mobility autonomy that constrain their agricultural choices. As the 
primary caregivers, these limitations make it a challenge for women to provide sufficient and 
adequately nutritious foods to both themselves and their children (Kjeldsberg et al., 2018). 
Three pathways have been proposed through which gender mediates the relationship between 
agricultural production, livestock, diet diversity, and nutritional status; 1) agricultural production 
can itself be a way of empowering women farmers, 2) agricultural time requirements and labor 
can have trade-offs with childcare practices, and 3) risks associated with women’s agricultural 
labor could contribute to intergenerational undernutrition. At each of the steps along these 
pathways, women’s empowerment can serve to either block or facilitate the connection 
between agriculture and nutrition (Kjeldsberg et al., 2018). 
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Studies on gender in agriculture and food systems have been mainly quantitative in nature. The 
FAO estimates that increasing women’s access to resources for agricultural production could 
increase farm yields by up to 30% (FAO, 2011). A study on the relationship among livestock, 
women, and child nutritional outcomes in India found that acquisition of livestock assets by 
illiterate women increases their intra-household bargaining power and results in greater 
investments in child nutrition (Jumrani & Birthal, 2016). The incorporation of the WEAI 
(Women’s Empowerment in Agriculture Index) in the baseline surveys of the Feed the Future 
initiative, across at least 20 countries, provides interesting insights on the relationship of 
women’s empowerment, poverty, health and nutrition outcomes (Malapit et al., 2014). Key 
findings from the analysis of WEAI data from 13 FTF countries are that women often have lack 
of access to credit and power to make credit related decisions, excessive workloads and a low 
prevalence of group membership. Evidence from other studies points to the negative 
implications that production interventions can have on diet diversity and nutritional status due 
to women’s time and energy stress that lead to reductions in caregiving practices and risks for 
women’s own health (Gillespie et al., 2019; Nitya & Raju, 2017; Ruel et al., 2018). A recent 
systematic review that aimed to parse the ways women’s empowerment is quantitatively 
measured and summarize evidence for the various pathways between women’s empowerment 
and child nutrition found 62 quantitative studies using 200 unique indicators of women’s 
empowerment with 1316 associations being tested with various child nutrition outcomes. 
Authors of this review found a significant absence of indicators of time resource allocation, 
reproductive decision making as well as indicators for men’s engagement in child care and 
nutrition (Santoso et al., 2019).  
 
While these studies provide important insight into gender as a mediator among agriculture, 
food systems, and nutrition, there is a need for more qualitative studies to elucidate the 
complex and likely context-dependent interplays between gender dynamics and the agriculture 
to nutrition pathways. While increasing numbers of studies use the WEAI (and related off-
shoots) to collect data on women and agriculture, most use this information descriptively as 
opposed to using it as a basis to determine the impact of nutrition-sensitive or food system-
wide interventions on empowerment outcomes or nutrition. Too few have studied energy 
expenditure and time-use/opportunity costs for women of different interventions to determine 
the distributed cost-effectiveness of interventions within rather than just across households. In 
addition, more robust quantitative methods are needed to establish causal relationships within 
the pathways (Gillespie et al., 2019; Kjeldsberg et al., 2018; Nitya & Raju, 2017). The impacts of 
agricultural interventions on women’s workload, childcare, and time burdens has yet to be 
understood (Gillespie et al., 2019; Nitya & Raju, 2017). To be able to better leverage the ways 
in which gender can facilitate agriculture-nutrition linkages, and mitigate ways in which it is a 
barrier, we need a better understanding of its role as a mediator (Kjeldsberg et al., 2018).   
 
Research opportunities in the role of gender in food systems and nutrition 
 

1. Understand how to better design services that engage with and can be accessed by 
women producers. 

2. Qualitative studies on the context-dependent interplays between gender dynamics and 
food systems nutrition pathways. 
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3. Gain an understanding of the impacts of agricultural interventions on women’s 
workload, childcare, and time burdens. 

 
9.2 Resilience and sustainability  
 
How can food systems lead to resilience and ensure sustainability? 
 
Accounting for how the food system mediates between agricultural production and nutrition 
outcomes can be particularly helpful for resilience and sustainability. Resilience links short-run 
changes to long-term sustainability, and links socioeconomic security to agroecological changes 
(Bird, Pradhan, Bhavani, & Dangour, 2019; Caron et al., 2018), building on new measurement 
methods (Barrett & Constas, 2014; Zaharia et al., 2019) to meet the full range of USAID 
research objectives (Feed the Future, 2017).  
 
A crucial dimension of food systems for resilience and nutrition is the diversity of agricultural 
production, which also contributes to social and ecological sustainability through multiple 
means (Jones & Ejeta, 2016). First, diversified crops mean a greater ability to avoid outbreaks of 
pests and pathogen transmission. Second, having more diverse crops that react differently to 
different climatological conditions is more secure in the face of increasing climate variability and 
weather events (B. B. Lin, 2011). Currently, three food crops (rice, maize and wheat) provide 
2/3rds of the global dietary energy intake, with the global supply of pulses, fruits and vegetables 
falling far short of recommended total requirements (Siegel, Ali, Srinivasiah, Nugent, & Narayan, 
2014). Not only do our current diets fall short of nutrient requirements, diets heavy in plant-
based foods usually require less energy use, less water, and less land compared to diets heavy in 
meat (Augustin et al., 2016). The resilience and sustainability of our current food system falls 
short of what it could be if more focus is put on crop diversification. 
 
A recent effort has been made to outline changes in the mix of commodities to meet 
recommendations for healthy human diets that are also healthy for the planet, in the  
EAT-Lancet commission findings. This document recommends a global transformation of the 
food system towards a healthier and also more environmentally sustainable diets that use more 
diverse and nutrient-dense vegetal foods, less meat especially in high-income settings, and more 
milk or eggs in settings where current intake is very low especially among children in Africa and 
South Asia (Willett et al., 2019). Critics of these findings, however, point to several issues with 
the recommendations in the report, citing the lack of scientific basis for a standard diet for the 
entire planet, the importance of animal sourced foods for growth in children in developing 
countries, and the economic risks for poor livestock owners in developing countries (Torjesen, 
2019). Needless to say, this is an emerging area of research, and further attempts should be 
made to determine how our food system can support healthy diets that promote resilience and 
sustainability.  
 
Few empirical studies focus on actually measuring potential resilience-building facets of food-
based interventions, and fewer still consider long-term sustainability. A focus on resilience and 
sustainability of our food systems is crucial if we are to achieve food and nutrition security in 
the face of climate change and population growth.  
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Research opportunities in resilience and sustainability 
 

1. Model scenarios of optimal on-farm crop mixtures and rotations that may be most 
beneficial for improved resilience in certain regions, considering current patterns in 
climate variability. 

2. What regional farm income support systems to incentivize more diverse cropping 
systems that support small farmers? 

3. Food systems modeling to assess tradeoffs in supporting healthy diets versus promoting 
resilience and sustainability.    

 
9.3 Summary of research opportunities 
 

1. Understand how to better design services that engage with and can be accessed by 
women producers. 

2. Qualitative studies on the context-dependent interplays between gender dynamics and 
food systems nutrition pathways. 

3. Gain an understanding of the impacts of agricultural interventions on women’s 
workload, childcare, and time burdens. 

4. Model scenarios of optimal on-farm crop mixtures and rotations that may be most 
beneficial for improved resilience in certain regions, considering current patterns in 
climate variability. 

5. What regional farm income support systems to incentivize more diverse cropping 
systems that support small farmers? 

6. Food systems modeling to assess tradeoffs in supporting healthy diets versus promoting 
resilience and sustainability.    

 
10.  Metrics and indicators for agriculture, food systems and nutrition  
 
To conduct successful and meaningful research on agriculture and food systems for nutrition, 
agreement is needed on the most appropriate indicators to measure each step of change, with 
the chosen indicators appropriately matched to program activities and interventions (Allen & de 
Brauw, 2018; Herforth & Ballard, 2016; Verger, Ballard, Dop, & Martin-Prevel, 2019). The 
framework of food system transformation drivers and impacts proposed by Caron et al, and 
replicated in Figure 6  (Caron et al., 2018) is a useful tool in developing indicators, as it is 
important to measure the impact that different forces have on changes in the food system, and 
the framework clearly lays out these forces.  
 
Earlier evidence reviews such as the mapping study conducted by the London Centre for 
Integrative Research on Agriculture and Health (LCIRAH) in 2012 focused on the need for 
measurement of the full pathway of change from agricultural inputs and practices to nutrition 
outcomes (Turner et al., 2013). Table 1 provides an illustration of the type of indicators that 
have been utilized in the agriculture-nutrition space (whether research or programming). 
According to Herforth and Ballard in their 2016 systematic review of ongoing agriculture-
nutrition projects (both research and programmatic), many working in this space were using 
indicators (e.g. stunting) for which the research studies and/or evaluations were not statistically 
powered. There had however been a shift in the types of indicators being measured from the 
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past with more measures of dietary quality (both household and individual) being measured; 
however, there was little emphasis on the measurement of natural resource management 
namely water access and/or quality, both of which can have significant effects on disease 
vectors, time and labor and thus subsequently to nutrition (Herforth & Ballard, 2016).  
 
The main gap identified in this review concerns the lack of indicators measuring pathways from 
agriculture and food systems at the market or systemic level. Over the past decade, 
researchers have focused on linkages from a household or region’s own agricultural production 
to their nutritional outcomes, and on linkages within a value chain from a raw commodity to 
the nutritional value of a specific product. New indicators designed to take account of 
interaction among foods might focus on a population’s overall diet, such as the Cost of 
Nutrient Adequacy (Masters, Bai, et al., 2018), with further need for contextualization and 
utilization of the methods across different regions and country contexts. A recently published 
systematic review on the use and interpretation of dietary diversity indicators in nutrition 
sensitive agriculture projects found 46 studies that were investigating associations between 
agriculture, food security or nutrition using simple food group dietary diversity indicators (FGIs) 
and while the individual level FGIs were consistent with published guidance, the measurement 
of household dietary diversity was not, particularly around classification or interpretation. 
Authors recommend harmonization around the use and interpretation of FGIs (Verger et al., 
2019).  
 
A major consideration within the context of metrics and indicators is the use of anthropometry 
specifically the indicator of stunting as a major outcome. Herforth and Ballard found more than  
43 studies in their 2016 review that measured anthropometry but only six of the studies had 
adequate power to assess reductions in stunting (20% reduction) compared to a counterfactual 
group (Herforth & Ballard, 2016). None of the studies were in the realm of agriculture and 
nutrition and none were powered to observe a decline in stunting of less than 15%. Masset et al 
in 2012 have also reported an issue of underpowering of evaluations that utilize anthropometric 
indicators as a primary outcome of interest (Masset, Haddad, Cornelius, & Isaza-Castro, 2012). 
Both Herforth and Ballard 2016 and Masset et al 2012 noted insufficient duration of 
intervention as a possible constraint in achieving a change in the outcome of interest 
(particularly anthropometry) (Herforth & Ballard, 2016; Masset et al., 2012). Furthermore, 
there is growing discussion on the need to go beyond anthropometry and that striving to 
promote linear growth may not be the most efficient strategy in all cases, despite its current 
popularity as an outcome (Leroy & Frongillo, 2019).  
 
Longer term outcomes that are better measures of well-being and the extent to which a person 
is thriving, such as neurocognition and body composition, should be considered. Additional 
indicators in the new generation of food systems interventions should also be expanded beyond 
those measuring success in terms of the first 1,000 days of life, to include adolescents and 
young females in order to address intergenerational transmission of low birth weight and poor 
growth (Popkin, 2014b). 
 



Page 53 of 76 
 

10.1 Research gaps and opportunities 
 
1. Guidance and research to harmonize food group and dietary diversity indicators 

(individual, household, market and systems level indicators). 
2. Research about the use and contextualization of standardized indices for evaluating 

market interventions including affordability of nutritious diets. 
3. Defining longer term outcomes and better measures of wellbeing including neuro-

cognition, body composition and other anthropometric measurements such as head 
circumference.  

 
11.  Mapping gaps and needs to inform future research priorities 
 
This review provides a synthesis of recent research in food systems and nutrition, to guide new 
work on food systems to improve nutrition and resilience. Table 2 summarizes the key 
research opportunities that are presented by section in this review. In the past 15 years, within 
the nutrition community, there has been significant emphasis on ensuring that nutrition remains 
on the development agenda. This movement coalesced around the first Lancet series of 
malnutrition published in 2008 (Bhutta et al., 2008; Black et al., 2008). This series was followed 
up by the Lancet series of 2013 (Bhutta et al., 2013; Black et al., 2013), which included a paper 
on nutrition sensitive interventions and programs (Ruel & Alderman, 2013a). That paper by 
Ruel, Alderman et al 2013 found inconclusive evidence of the nutritional effect of agricultural 
programs (Ruel & Alderman, 2013a). Similarly, a critical systematic review by Masset et al 2012 
found an overall positive effect of producing agricultural goods, and while interventions were 
successful in promoting nutrient-dense foods, the effect on overall diets was unclear and little 
evidence was found of a positive effect on the prevalence of stunting (Masset et al., 2012). 
Webb and Kennedy similarly reviewed literature on agriculture and nutrition and emphasized 
that an absence of evidence did not equate to evidence of no impact. Their analyses indicated 
weakness in study designs and survey methods being significant issues that led to weak results 
and limited generalizability (Webb & Kennedy, 2014).  
 
Significant emphasis and investments have been made in assessing agriculture to nutrition 
linkages as well as defining the role of policy and governance in supporting multisectoral actions 
for improving nutrition. Resources have been spent on defining new metrics, developing 
methods for assessing resilience, and expanding the thinking around the linkages of not only 
agriculture to nutrition but also to health. Key research groups within this realm include many 
of the Feed the Future Innovation Labs supported by USAID (including the Nutrition Innovation 
Lab) as well as LANSA (Leveraging Agriculture for Nutrition in South Asia), IFPRI (International 
Food Policy Research Institute) and other CGIAR (Consultative Group for International 
Agricultural Research) centers, A4NH (Agriculture for Nutrition and Health) and LCIRAH 
among others (Gillespie et al., 2019; Turner et al., 2013; USAID & Tufts University, 2019). 
 
A recent evidence and gap map on publications/research studies around innovative metrics, 
tools and methods in agriculture-nutrition research (Figure 5), shows that much has been 
developed and researched in terms of primary food production and WASH (within the context 
of methodologies and analysis), but research (either technologies, methods or metrics)  on the 
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rest of the food system, including food security, diets, nutrition, markets, food environments, 
food, nutrition and trade policy and governance is sparse (Sparling et al., 2019).  
 
The outcome of the investments and rigorous research conducted in the past decade is 
apparent from the evidence presented in this review. The challenge now is to determine how 
to ensure that our food systems will not fail producers and consumers in achieving healthy, 
sustainable diets that lead to both food and nutrition security. The research opportunities 
identified here expand the already significant literature base and provide stakeholders, be it 
USAID, policy makers in the United States and in host country governments, other bi-lateral 
agencies, UN agencies, researchers, or programmers, the necessary tools to make sound 
decisions within the realm of agriculture, nutrition, health and food systems.  
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Tables 
 
Table 1: Indicators and metrics commonly used in nutrition and agriculture research  
 
Type of measure Indicator 
Diet- Individual Level  Minimum dietary diversity for women of 

reproductive age  
  Minimum dietary diversity for young children (MDD 

age 6-23 months) 
 Minimum Acceptable Diet for young children 

(MAD) 
Food Access- Household level Food Insecurity Experience Scale (FIES), Household 

Food Insecurity Access Scale (HFIAS) 
On farm availability, diversity, and safety of foods Production of target nutrient rich foods 
  Diversity of crops and livestock produced 
  Months of adequate household food provisioning 

(MAHFP) 
Food environment in the markets Availability, affordability and price of targeted 

nutrient rich foods in local markets 
Women's empowerment Women's access and control over resources 
  Women's participation in economic activities 
  Women's access and control over benefits 
Nutrition and food safety knowledge and norms Project specific indicators related to knowledge, 

attitude and practices 
Natural resource management practices Access to improved drinking water  
  Presence of animals in/near household 
  Sustainability of water availability and water use 

efficiency measures 
  Contamination from water or environment in food 

supply 
Care practices Breast feeding indicators 
  Minimum acceptable diet 
  minimum meal frequency 
Nutritional status Stunting 
  Wasting 
  Underweight 
  Maternal weight/BMI 
  Iron status 
  Anemia 
  Vitamin A status 
  Head Circumference 
 Mid Upper Arm Circumference (MUAC) 
Motor and Cognitive Development Motor skills tests 
  Cognitive tests (e.g. Raven's scores) 

Source: (Compendium of indicators for nutrition-sensitive agriculture, n.d.)
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Table 2: Research Opportunities summarized by topic within the context of a food system  
 
 
Topic Overarching research opportunities 

Agricultural production of nutrient-
rich foods 

§ Assess the potential for biofortified crops to impact health and 
nutrition outcomes and to be adopted and scaled up through 
markets 

§ Establish impacts of use of land productivity inputs and 
livestock ownership on diet and nutrition outcomes  

§ Invest in research examining the effectiveness of new 
technologies to improve feed efficiency and yield 

§ Understand relationships among market access, structure and 
human nutrition and health 

§ Further evidence on theory-driven program design to scale up 
nutrition sensitive agricultural programs   

§ Assess program scalability (e.g. homestead gardens) and 
potential for sustainability (e.g. exit strategies) 

Agriculture-nutrition linkages at 
population scale 

§ Research on how trade policies, market infrastructure and 
intermediaries impact nutritional status  

§ Understand how local markets function and how they can be 
improved  

§ Understand how market information systems, contract farming 
and subsidized crop insurance impact risk mitigation and 
encourage production   

§ Understand the degree to which prices, taxes and subsidies 
constrain or encourage healthy diets, considering different 
demographic groups/settings and the effect on private sector 
engagement   

§ Develop standardized definitions for healthy and unhealthy 
foods and determine the best ways to convey information 
about nutritious foods and nudge consumers towards healthier 
choices 

Processing § Research on food processing for better efficiency in 
production with fewer resources and lower waste production  

§ Cost effectiveness of food fortification on functional outcomes, 
considering rapid changes in dietary patterns 

Food safety § Research impacts of exposure to pesticides, antibiotics and 
mycotoxins on human health  

§ Research on mycotoxins to test strategies for the prevention 
and/or reduction of mycotoxin exposure and EED, and 
promote child growth 

§ Support causal studies for EED exposure and growth faltering 
using a whole system approach 

§ Generate better data on the influence of intermediaries (e.g., 
food vendors) on food safety and how they can play a role in 
improving food safety in the marketplace 
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Food loss and waste § Rigorous post-harvest loss assessments using systematic 
methodologies and exploration of holistic approaches to 
mitigate loss 

§ Understand how market transformation and improvements to 
infrastructure affect food loss   

§ Research on drying, packaging and cold chain technologies to 
reduce post-harvest loss  

Cross-cutting themes § Conduct qualitative research examining interplays between 
gender dynamics and food systems and ways to best design 
services accessible to women  

§ Understand how food systems can best support healthy diets 
that promote both resilience and sustainability  

Metrics and methods § Support research around guidance development (dietary 
guidelines, indicators for measuring diet) and harmonize food 
group and dietary diversity indicators 

§ Define long-term outcome measures to complement existing 
short- and medium-term measurements   
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Figures 
 

 
 
Figure 1. Pathways between agriculture and nutrition 
Source: Linking Agriculture & Nutrition: Pathways, Principles, Practice (Herforth & Harris, 
2014) 
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Figure 2. Conceptual framework of food systems linking agriculture to nutrition and health 
Source: High Level Panel of Experts on Food Security and Nutrition of the Committee on 
World Food Security, 2017.  
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Figure 3. Results Framework for the U.S. Government Global Food Security Strategy (Feed 
the Future, 2017) 
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Figure 4. Feed the Future Innovation Lab locations in the United States  
Source: Feed the Future, 2019a.  
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Figure 5. Evidence and gap map on innovative metrics, tools and methods in agriculture-
nutrition research, including 318 studies.  
Source: DFID, Understanding pathways between agriculture and nutrition (Sparling et al., 2019). 
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Figure 6. Framework for drivers and impacts of food systems transformation  
Source: Caron et al., 2018. 
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