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Abstract
Food systems that deliver healthy diets without exceeding the planet’s resources are essential to achieve the worlds’ ambitious 
development goals. Healthy diets need to be safe, accessible, and affordable for all, including for disadvantaged and nutri-
tionally vulnerable groups such as of smallholder producers, traders, and consumers in low- and middle-income countries. 
Globally, food systems are experiencing rapid and drastic changes and are failing to fulfil these multiple duties simultaneously. 
The international community therefore calls for rigorous food systems transformations and policy solutions to support the 
achievement of healthy diets for all. Most strategies, however, are essentially supply- and market-oriented. Incorporation of 
a healthy diet perspective in food system transformation is essential to enable food systems to deliver not only on supplying 
nutritious foods but also on ensuring that consumers have access can afford and desire healthy, sustainable, and culturally 
acceptable diets. This paper argues that this should be guided by information on diets, dietary trends, consumer motives, and 
food environment characteristics. Transformational approaches and policies should also take into account the stage of food 
system development requiring different strategies to ensure healthier diets for consumers. We review current knowledge on 
drivers of consumer choices at the individual and food environment level with special emphasis on low- and middle income 
countries, discuss the converging and conflicting objectives that exist among multiple food-system actors, and argue that 
failure to strengthen synergies and resolve trade-offs may lead to missed opportunities and benefits, or negative unintended 
consequences in food system outcomes. The paper proposes a menu of promising consumer- and food-environment- ori-
ented policy options to include in the food systems transformation agenda in order to shift LMIC consumer demand towards 
healthier diets in low- and middle income countries.

Keywords Food systems transformation · Healthy diets · Sustainability · Cost of diet · Animal-sourced foods · Ultra-
processed foods · Food environment · Consumer choices · Policies

1 Introduction

Diets play a central role in food systems (GLOPAN, 2020), 
and are either seen as a ‘victim’ or outcome of food systems 
(where diets change due to urbanization, changing food envi-
ronments and climate change constraints), or as an ‘instigator’ 

or driver (where food systems transitions are seen as a conse-
quence of changing consumer demand due to shifts in dietary 
patterns and population growth). Irrespective of perspective, 
there is a growing recognition of the need to improve diet 
quality and reduce inequalities in access to nutritious, afforda-
ble and sustainably-produced foods in all countries. Poor diets 
are a major driver of malnutrition, mortality and morbidity 
worldwide, exceeding the burdens attributable to many other 
global health challenges (GBD, 2017; Diet Collaborators, 
2019). While some progress has been made in reducing the 
prevalence of undernutrition (stunting and wasting), micro-
nutrient deficiencies persist and the prevalence of overweight, 
obesity and diet-related non-communicable diseases (NCDs) 
is rising across the globe, the fastest in low-income countries 
(LICs) (Development Initiatives, 2020; Popkin et al., 2020). 
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Most countries are burdened by multiple forms of malnutri-
tion, especially low- and middle-income countries (LMICs) 
(Popkin et al., 2020). Inequalities in malnutrition are largely 
driven by socio-economic disparities (determined by location, 
wealth, and education), and compounded by conflict and other 
forms of fragility (Development Initiatives, 2020). Improving 
the quality of diets is one of the key strategies to prevent or 
reverse all forms of malnutrition and related NCDs.

A global nutrition transition—described as a shift from diets 
with a high proportion of a limited set of staples toward more 
diversified diets that are higher in energy and macronutrients, as 
well as in specific food groups, such as meat, sugar, processed 
foods and foods eaten outside the home—was documented for 
the first time more than 25 years ago (Popkin, 1993). Current 
dietary changes are mainly driven by urbanization, increased 
disposable incomes, societal changes such as greater participa-
tion by women in labor markets, and developments in technol-
ogy, marketing strategies and public policy (Popkin et al., 2020; 
Vermeulen et al., 2020). People are eating more food and more 
energy, protein and fats than before and although individual diets 
have diversified, diets have become more homogenous glob-
ally, relying on the same small number of traded commodities 
(Khoury et al., 2014). While consumption of healthy foods (veg-
etables, fruits, nuts, seed) increased around the world over the 
period 1990–2010, so did the consumption of foods known to 
carry health risks (Imamura et al., 2015). Meat consumption 
increased globally by 20 kg per capita between 1961 and 2014 
(Vermeulen et al., 2020); volume sales of ultra-processed foods 
(UPFs) and sugar-sweetened beverages (SSB)1 increased rapidly 
worldwide (Vandevijvere et al., 2019a, 2019b); and large hetero-
geneity has been seen in these dietary changes across regions 
and countries (Imamura et al., 2015). There is concern, espe-
cially for LMICs, that dietary changes are impacting younger 
population groups and are happening in circumstances where 
infectious and nutrition-related deficiency diseases continue to 
persist, creating a dual challenge of undernutrition and prob-
lems of overweight and obesity within families, communities 
and nations (Popkin et al., 2020; Raj, 2020). The impact of these 
changes on nutrition and health is complex as certain dietary 
shifts are positive and others are negative in terms of populations 
meeting national (if available) or global dietary intake recom-
mendations (Mozaffarian, 2016).

Healthy diets are unaffordable for approximately 3 bil-
lion people globally (FAO et al., 2020) due to the high cost 
of nutrient-rich non-staple foods driving consumption pat-
terns among the poor toward cheap, monotonous, starch-
heavy diets. At the same time, current food systems operate 
beyond planetary boundaries and contribute significantly to 
environmental degradation (Rockström et al., 2020), and are 

fragile to global and local shocks (GLOPAN, 2020). Global 
consensus is growing that food systems transformation is 
urgently required to move towards healthy, safe, accessible, 
affordable and sustainable diets for all, while safeguarding 
planetary health and reducing poverty and inequality (FAO 
et al., 2020; GLOPAN, 2020; Young et al., 2019). Despite 
potential synergies, these disparate goals are often incom-
patible, and ask for an explicit navigation of trade-offs and 
active seeking of synergies between the short- and long-term 
interests of food system actors and outcomes.

We propose the adoption of a healthy diet perspective, whereby 
consumer needs and preferences are put at the center of food system 
solutions to enable longer-term consumption shifts through linking 
healthy food consumption to markets, distribution, production and 
agriculture (Béné et al., 2019; Brouwer et al., 2020), making sus-
tainable, safe and healthy diets available, accessible, affordable and 
desirable for all. This paper argues that such a dietary perspective 
should make use of adequate information on diets, dietary trends, 
consumer motives and food environment characteristics, to iden-
tify possible pathways, research needs and limitations. This could 
inform commitments for actions and gamechanger solutions follow-
ing the 2021 UFSS, that lead to transformations towards sustainable 
and inclusive food system delivering healthy diets for all.

This paper calls for ‘reverse thinking’ in food system trans-
formations and to start with a healthy diet perspective, identify-
ing consumer choices and food environment characteristics, and 
addressing these in food system innovations aiming at healthier 
diets. Section 2 starts with a comprehensive overview of what 
a healthy (and sustainable) diet is. The evolving diet transitions 
and dietary gaps at different stages of food system develop-
ment are described using the data and food system typologies 
available in the recently launched Food Systems Dashboard 
(Fanzo et al., 2020). In Sect. 3, we review current knowledge 
of consumer motives and food environment characteristics, and 
address challenges with respect to animal sourced foods (ASF), 
UPFs and affordability of healthy diets, highlighting key trade-
offs. Section 4 describes promising strategies to influence con-
sumer motives directly and indirectly through food environment 
interventions. Section 5 provides reflections on the importance 
of incorporating a consumer demand perspective for successful 
food system transformations and identifying possible pathways 
of impact, and research needs.

2  Consumption of a healthy diet: trends 
and gaps

2.1  What is a healthy and sustainably diet?

A healthy diet ensures adequacy of energy and all essential 
nutrients, promotes all dimensions of individual health, and 
prevents malnutrition in all its forms, as well as diet-related 
NCDs. The exact definition of what a healthy diet should 

1 UPFs and SBBs are defined as “not modified foods but formula-
tions made mostly or entirely from substances derived from foods and 
additives with little if any intact food” (Monteiro et al., 2017).
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consist of will vary depending on individual needs (e.g. age, 
gender, lifestyle, degree of physical activity), cultural context, 
locally-available foods and access, and dietary customs (WHO, 
2018). But there are generally agreed basic principles of what 
constitutes a healthy diet and these include diversity and pro-
portionality between food groups; adequate amounts of fruits 
and vegetables, whole grains, legumes and nuts; and sufficient 
but not excessive intake of kilocalories, starchy staples and 
animal-source foods (ASF) (preferring milk, egg, poultry, fish). 
Definitions of healthy diets go beyond nutrient adequacy and 
also include avoiding or limiting intake of foods, food groups 
and nutrients that lead to unhealthy diets when eaten in excess, 
such as free sugars (including SSBs), types of fat (especially 
saturated and trans-fat), salt (and if used preferably iodized), 
red meat, processed meat, and UPF. A healthy diet should also 
be safe and have only minimal levels, or none if possible, of 
pathogens, toxins, and other agents that cause foodborne dis-
eases (FAO & WHO, 2019).

Global optimal levels of intake of different food groups 
as formulated by WHO (2018) and GBD (2019), based on 
the best available evidence for protecting health against diet-
related NCDs, do not represent a total diet and need further 
translation and tailoring to a local contexts. The EAT-Lancet 
global reference diet is a recent effort to summarize the exist-
ing evidence regarding dietary components and patterns that 
optimize health and minimize the environmental footprint at 
the same time (Willett et al., 2019), but does not represent a 
dietary guideline that can be used to inform the general pub-
lic. Although the global WHO, GBD and EAT-Lancet recom-
mendations largely overlap in food groups, food components 
and nutrients addressed, there are differences in optimal lev-
els and ranges of intakes recommended; one reason being 
that contrary to WHO and GBD, the EAT-Lancet recom-
mendations take into account energy and nutrient adequacy 
(Online Resource 1). National food-based dietary guidelines 
(FBDG) represent healthy diets in a culturally appropriate 
dietary pattern for the country in which they are designed, 
but many countries, especially in sub-Saharan Africa, do not 
have such guidelines (Herforth et al., 2019) and where they 
exist, they are not implemented to the full potential due to 
lack of political support, lack of plan for implementation, 
non-participation of essential stakeholders, lack of resources 
and capacity, and conflict with market forces (Wijesinha-bet-
toni et al., 2021). Global and national dietary guidelines have 
been underutilized as tools for informing rural investment 
strategies, both in terms of agricultural development (e.g. 
research focused on fruits and vegetables, rural-ready cold 
chains), and safety nets tailored to rural areas to facilitate 
access to diets that meet dietary guidelines (e.g. distribution 
of seeds or other supplies for homestead food production).

Sustainable healthy diets are diets with a low environmen-
tal impact (evaluated for example by greenhouse gas emissions 
(GHGE), water and land use data originating from high-income 

countries (HIC) and urban and industrialized food systems) while 
being nutritionally adequate (HLPE, 2017). Although healthy 
diets are not necessarily sustainable (or the other way around), evi-
dence suggests that synergies can be identified (van Dooren et al., 
2014; Springmann et al., 2016; Behrens et al., 2017; van de Kamp 
et al., 2018; Kim et al., 2020a, 2020b). In general, healthy foods 
and food groups (whole grain, cereals, fruits, vegetables, leg-
umes, nuts and olive oil) have low environmental impacts while 
processed or red meat have the highest contribution to both dis-
ease risk and negative environmental impact (Clark et al., 2019). 
Where there is an excess in animal sourced food consumption, the 
sustainability of diets can be strongly improved by re-balancing 
consumption of meat (particularly ruminant) and dairy (Black-
stone et al., 2018; Ritchie et al., 2018; Springmann et al., 2020).

Adoption of FBDGs would lead to a reduced and more 
positive environmental impact globally (Behrens et al., 2017), 
but most FBDGs can be strengthened by incorporating envi-
ronmental and health considerations (Springmann et al., 2020) 
(Online Resource 2). Aligning with the EAT-Lancet diet 
would require a global shift towards a much greater consump-
tion of plant-based foods and a lower consumption of ASFs 
and especially red meat, in particular. In countries where 
ASFs are consumed in very low amounts (such as LMICs in 
sub-Saharan Africa and South Asia), increased consumption 
of ASFs could be beneficial for health (enhancing bioavailable 
micronutrients and high-quality protein in the diet). Optimal 
dietary patterns that align with sustainability and health goals 
vary considerably between countries depending on how and 
where foods are produced. This asks for a nuanced approach 
that includes acceptance that the need to ensure adequate 
intake for chronically undernourished populations will mean 
an increase in environmental impacts (GLOPAN, 2020; Kim 
et al., 2020a, 2020b) and that in LMIC settings there are con-
sumer segments with consumption patterns like HICs who 
would do well to reduce their consumption of ASF for the 
sake of greenhouse gas reduction (Latino et al., 2020).

2.2  Food system types and dietary gaps2

The Food Systems Dashboard (Fanzo et al., 2020) defines five 
food system types (rural and traditional; informal and expand-
ing; emerging and diversifying; modernizing and formalizing; 
and industrialized and consolidated), based on a composite of 
four indicators: agriculture value added per worker (a measure 
of productivity—the ratio between value added in agricul-
ture and number of people employed in agriculture); share 
of dietary energy from cereals, roots, and tubers; number of 
supermarkets per 100,000 population; and the proportion of a 
population that is urban (Online Resource 4). The food system 

2 Details of the data used in this section are given in Online Resource 3.
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types correspond to a large extent to income group as also 
the 2020 SOFI report shows that the percent share of dietary 
energy available from cereals, roots and tubers decreases dra-
matically with income group, with low and lower middle-
income countries relying more on staple foods than high-
income countries (FAO et al., 2020). However, many (but not 
all) high income countries have industrial and consolidated 
food systems, whereas middle income countries tend to have 
heterogenous food system types and most (but not all) low-
income countries have rural and traditional food systems. In 
addition, single countries can house different food system 
typologies in their urban and rural areas.The food systems 
typology demonstrates heterogeneity across regions (Fig. 1) 
with Africa having four of the five types, Asia representing 
all five types, Europe with three types, and North and South 
America with three and four types respectively.

2.2.1  Consumption of healthy and unhealthy foods 
per food systems type

The 2020 State of the Food Security and Nutrition in the World 
(SOFI) report shows that the supply of cereals and pulses is 
largest in low and lower-middle income countries compared to 
wealthier ones (FAO et al., 2020). By contrast, availability of 
fish, meat, sugar and oil is greater in the high and upper-middle 
income countries (Online Resource 5). Demand for ASFs has 
been increasing alongside rising incomes.

Analysis of modeled consumption patterns of healthier ver-
sus less healthy food groups by food systems type confirms 
this picture. Certain elements of a higher-quality diet, such as 
consumption of whole grains and pulses appear in more ‘rural 
and informal’ food systems types, while consumption of fruits 

and vegetables peak in the ‘emerging and industrializing’ food 
system types (Fig. 2). Across all food systems, the average per 
capita modeled diet does not reach the WHO recommendation 
of 400 g/day of fruit and vegetables and the consumption of 
whole grains is also estimated to be much lower than globally 
recommended amounts (100–232 g/day, Online Resource 1) in 
any food system type. Factors related to the food system type, 
such as less industrial processing and more local and home-pro-
cessing (hand pounding, local milling), more fragmented distri-
bution channels, and more local marketing are likely contribut-
ing factors. While the picture for fruits, vegetables, wholegrains 
and pulses varies across food system types, clear patterns of 
increased consumption of red meat, processed meat, and SSBs, 
which are associated with health risks, are seen (Fig. 3). These 
foods are further referred to as unhealthy foods.

As populations shift consumption away from cereals and 
starchy crops, diets tend to become more varied, both in terms 
of healthy and unhealthy items. Intakes of nutrient-dense foods 
such as fruits and vegetables, dairy, poultry and fish tend to 
increase, reflected in terms of higher dietary diversity/variety 
and also nutrient adequacy (intake of (bioavailable) essential 
vitamins and minerals improves). On the other hand, boundaries 
related to moderation, especially in terms of SSBs and processed 
meats are exceeded. Although we do not have consumption data 
for UPFs, sales data show an increase in the types and quantities 
of UPFs sold worldwide, most rapidly in LMICs. This trend is 
closely related to the industrialization of food systems, techno-
logical change and globalization, market growth, political activi-
ties of transnational food corporations, and inadequate policies 
to protect nutrition in these new contexts (Baker et al., 2020). 
In general, UPFs contain more sugar, salt and fat, including 
saturated fat. UPFs also facilitate overeating (Hall et al., 2019), 

Fig. 1  Countries by food systems type
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and increased consumption is associated with poor dietary out-
comes and NCD risk outcomes worldwide, including in Africa 
(Reardon et al., 2021) (see Sect. 3.1). Table 1 shows a sum-
mary of adherence to WHO-recommended intake levels (Online 
Resource 1) for the different food systems types.

3  Food environments, consumer challenges 
and trade‑offs for achieving healthy 
and sustainable diets

Striving towards healthier diets requires an enabling 
food environment which is conducive to the adoption of 
healthy, safe and sustainable diets by consumers. Food 
systems are dynamic and constantly evolving and may 
represent characteristics of different types at the same 
time. Consumer choices are influenced by the physical, 
socio-economic and cultural structure of the food envi-
ronment and the existing policies and regulations affect-
ing the food environment, but are also profoundly deter-
mined by individual preferences and perceived challenges 

and benefits. The challenges of such a dynamic situa-
tion necessitate managing trade-offs across and within 
the different components of food system and between 
expected outcomes of behavior (for example diets that 
are healthy or sustainable or affordable). Also trade-offs 
within the food environment component (i.e. availability, 
cost, convenience), and between the interests of the dif-
ferent food system actors (such as farmers, food industry, 
governments, consumers) need to be addressed. In addi-
tion, potential synergies should be actively be identified 
and strengthened. A better understanding of the food 
environment and of the drivers of consumer food choices 
will contribute to the identification and implementation 
of effective interventions across food systems leading to 
healthy and sustainable diets.

3.1  Challenges in the food environment

Several definitions of the food environment exist (Downs 
et al., 2020; Herforth & Ahmed, 2015; Turner et al., 2018), 
but only the definition by Downs et al. (2020) considers 

Fig. 2  Mean daily estimated 
consumption of vegetables, 
fruits, whole grains, and pulses 
by food systems type (g/person/
day). Source: Adapted from 
Food Systems Dashboard, using 
GBD data, available at https:// 
foods ystem sdash board. org/
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the sustainability properties of foods and beverages: “The 
consumer interface with the food systems that encompasses 
the availability, affordability, convenience, promotion and 
quality, and sustainability of foods and beverages in wild, 
cultivated, and built spaces that are influenced by the socio-
cultural and political environment and ecosystems within 
which they are embedded” (Downs et al., 2020). In this socio-
ecological model, the food environment is the larger piece 
(characterized by availability, affordability, convenience, 
promotion, quality), and individual factors interact with it to 
determine food choices. Food environments include natural 
(wild and cultivated) as well as built environments (Downs 
et al., 2020). Wild food environments include forests and 
jungles, disturbed habitat, open pastures, and aquatic areas, 
while cultivated food environments comprise food production 
for own-household consumption. Built or retail food environ-
ments include informal and formal markets.

Food environments have different characteristics in the food 
system types as described in Sect. 2 (Online Resource 2 and 
Fig. 1). For example, in predominantly rural and traditional 
food systems, populations mainly rely on the cultivated food 
environment, and only partially on wild food environments. 
They also increasingly make use of informal food markets, 
small shops and street vendors. With urbanization, agricul-
tural intensification and increased agricultural production, 
food systems transition from ‘informal and expanding’ towards 
‘emerging and diversifying’, which coincides with an increase 
in the built food environment (initially informal markets, even-
tually supermarkets and fast-food chains), while the role of 
the cultivated environment is reduced. Though these changes 
impact urban middle-class populations more, rural areas are 
also impacted with an increasing availability of processed and 
UPFs (Reardon et al., 2021). This food environment transi-
tion is associated with Popkin’s et al. (2020) five patterns 

of nutrition transition moving from hunter gather societies, 
through agrarian societies and developed urban societies, to 
societies with concerns for sustainable diets and planetary 
health (Downs et al., 2020). These patterns are associated with 
shifts in dietary patterns and physical activity levels and are 
related to a transition from receding famine to domination by 
obesity and diet-related NCDs.

Despite a recent increase in the number of studies measuring 
food environments in LMICs, evidence on relationships between 
food environments and diets or health is limited, and most stud-
ies focus on the evolving built environment rather than wild or 
cultivated food environments (Turner et al., 2020). This sec-
tion, therefore, mainly addresses the challenges encountered in 
measuring the built food environment and its associations with 
diets and health, and discusses how physical and economic food 
environments may shape access to healthy diets.

3.1.1  Physical aspects of food environments

Systematic reviews (Cameron et al., 2016; Glanz et al., 2012; 
Gustafson et al., 2012; Pitt et al., 2017) have shown that con-
sumer food environments, and more specifically food placement, 
food prominence and shelf labelling, influence food purchases 
in HICs. A systematic review found that availability of food 
outlets generally showed a greater influence on adults’ dietary 
purchases and intake than proximity to food outlets (Bivoltsis 
et al., 2018). A recent Australian study showed that moving to 
a new neighborhood with more convenience stores and café 
restaurants was associated with an increase in unhealthy food 
intake, while a greater percentage of healthy food outlets in the 
new neighborhood was associated with an increase in healthy 
food and fruit/vegetable intake (Bivoltsis et al., 2020).

Associations between exposure to unhealthy community 
food environments and socio-economic position are often found 

Table 1  Diets meeting WHO-recommended targets for healthy and unhealthy foods in different food systems types

Food system types

Rural and 
tradi�onal

Informal and 
expanding

Emerging and 
diversifying

Modernizing 
and formalizing

Industrial and 
consolidated

Fruitsa

Vegetablesa

Whole grainsa

Pulsesa

Red meatb

Processed meatb

SSBsb

For definitions of food systems types see Fanzo et al. (2020) and Online Resource 3; aColors indicate adherence to WHO intake recommenda-
tions (WHO, 2018)—green: above recommended intake; yellow: above 50% of recommended intake; red: below 50% of recommended intake; 
bColors for foods that should be consumed either with moderation or not at all indicate above 50% of recommended intake (yellow) or above rec-
ommended intake (red). Source: Adapted from Food System Dashboard, using GBD data, available at https:// foods ystem sdash board. org/
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(Hilmers et al., 2012; Lovasi et al., 2009; Pinho et al., 2020; 
Sushil et al., 2017), but the direction of the association depends 
on the metrics (whether location-based or individual-centered) 
used (Maguire et al., 2017). While community food environ-
ments affect food choices among both high- and low-income 
population groups, the resources available to higher-income 
population groups may have a protective effect on eating behav-
ior (Ford & Dzewaltowski, 2008).

In LMICs, food environments are also changing rapidly 
with an important increase in supermarkets (Baker & Friel, 
2016; Popkin, 2017; Popkin & Reardon, 2018), a related 
decrease in informal or wet markets in some countries (Ban-
well et al., 2012), and an increase in supply of UPF products 
and away-from-home eating and snacking (Baker & Friel, 
2014; Popkin & Reardon, 2018; Vandevijvere et al., 2019b). 
A recent systematic review identified the main factors influenc-
ing dietary behaviors in urban food environments in Africa. 12 
out of 77 factors related to physical food environments (factors 
concerning neighborhood socio-economic status, affordability, 
eating out-of-home, convenience, availability, and type of food 
source used), two thirds of factors related to the individual, 
and nine related to macro-level factors such as food prices and 
advertising (Osei-Kwasi et al., 2020). While the evidence is 
limited, preliminary findings from studies in LMICs suggest 
associations between physical aspects of food environment 
such as density of, or proximity to, food outlets, and dietary 
intake or obesity (Dake et al., 2016).

3.1.2  Economic aspects of food environments

Food prices are an important determinant of food choices  
(Darmon & Drewnowski, 2015) and depend on global commod-
ity prices and local supply and demand. In general, staple foods 
(wheat, maize, rice, vegetable oil) are cheaper per calorie than 
fresh, nutrient-dense foods (vegetables, fruits, nuts, ASF, beans, 
pulses) (Darmon & Drewnowski, 2015; Mendoza et al., 2017). 
These relative prices help explain why the diets of the poor are 
often high in starchy staples and lack diversity. The poorest house-
holds in LMICs spend 50–80% of their total expenditure on food 
(63% on average) (Herforth et al., 2020), with most purchases 
directed toward staple grains, some condiments, vegetables, and 
affordable sources of animal protein such as dried fish (Brinkman 
et al., 2010).3 While being producers, few rural farmer households 
are self-sufficient and food purchases account for a large part of 
food consumed (Sibhatu & Qaim, 2018), and retail prices of most 
nutrient-dense non-staples are extremely important.

While healthy diets are expensive, largely owing to the 
high absolute and relative prices of non-starchy staples 
and seasonal effects (Bai et al., 2020), nutrient-poor foods 
such as starchy staples and UPFs are relatively cheap, and 
compete for budget share—and diet share—in all countries 
including LICs (see Box 1). Relative food prices partially 
explain differences across countries in the prevalence of 
undernutrition and overweight among adults (Headey & 
Alderman, 2019). For example, the combination of high 
food prices and reduced incomes during the economic cri-
sis in the late 1990s led to an increase in child anemia in 
Indonesia (Block et al., 2004). Compared to unprocessed 
and minimally processed foods, UPFs are generally cheaper 
per calorie (Gupta et al., 2019), being more affordable for 
low-income households (Colchero et al., 2019). In Brazil an 
inverse association was found between the price of UPFs and 
the prevalence of overweight and obesity, mainly in the low-
est socio-economic status population (Passos et al., 2020).

Box 1: Cost and affordability of healthy diets and relationship 
to sustainability

The most recent SOFI report (FAO et al., 2020) showed that healthy 
diets in 2017 were unaffordable for more than 3 billion people in 
the world, and most of these people live in Africa and Asia. In 
Asian countries, 9–50% of income is spent on food, and in non-
conflict-affected African countries it is 25–158% (WFP, 2017). 
Mathematical modelling in Brazil, Ethiopia, Ghana, Malaysia and 
Mexico also found healthy diets more expensive than current (less 
healthy) diets (Gurmu et al., 2019; Mendoza et al., 2017; Nykänen 
et al., 2018; Pondor et al., 2017; Verly et al., 2020). On average 
globally, the range of costs of a healthy diet that meets FBDGs 
is between USD 3.27–4.57 per day, depending on the specific 
constraints of guideline applied (Herforth et al., 2020). This is 60% 
higher than the cost of meeting nutrient needs only (without meet-
ing recommended food group amounts within FBDGs), and almost 
five times the cost of meeting energy needs through a basic starchy 
staple. The cost of a healthy diet exceeds national average food 
expenditures in most countries in the global South, and exceeds the 
international poverty line (FAO et al., 2020; Herforth et al., 2020)

The cost of the EAT-Lancet reference diet (Willett et al., 2019) was 
found to be similarly unaffordable to many (Herforth et al., 2020; 
Hirvonen et al., 2020). In general, a more sustainable diet is cheaper 
because reducing the consumption of ASFs generally lowers both the 
cost and environmental impacts of diets (FAO et al., 2020; GLOPAN, 
2020; Springmann et al., 2020). In LICs, most ASFs are relatively 
expensive (Headey & Alderman, 2019). A least-cost healthy diet 
includes ASFs in amounts above the current consumption among 
many rural populations in LMICs, but in amounts much lower than 
current consumption in HICs (Willett et al., 2019). Increases in ASFs 
will be needed to meet dietary needs in LMICs (FAO et al., 2020) 
and consequent GHGEs need to be offset by reductions of ASFs in 
HICs to recommended levels (Online Resource 1)

3.1.3  Convenience aspects of food environments

Price and affordability have been identified as key factors that 
determine food choice of low-income populations, whereas 

3 In contrast, American households in the highest income quintile 
only spend 8.2% of disposable income on food, while household in 
the lowest quintile spend 35% of their income on food (USDA Eco-
nomic Research Service, 2019).
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convenience has been expected to be more important than 
price for high-income consumers (Ares et al., 2017; Gama 
et al., 2018; Kearney, 2010). However, it is likely that con-
venience has been under-recognized as a driver of food choice 
among people of all income levels, both in rural and urban 
populations (Herforth & Ahmed, 2015). The concept of con-
venience includes the time costs and effort costs spent in pur-
chasing, preparing, cooking and eating (Jackson & Viehoff, 
2016). Finding a balance between monetary and conveni-
ence costs was an important consideration among Ghanaian 
mothers when choosing complementary foods; they reported 
balancing the costs, concerns for their child’s health, and 
convenience of preparation to reduce demand on their time 
(Pelto & Armar-Klemesu, 2011). In New Zealand healthier 
home-made and home-assembled meals were cheaper options 
than takeaways in terms of money, but became more expen-
sive when the cost of time was added (Mackay et al., 2017). 
Present food environments are conducive for the physical and 
economic access to UPFs. Being low cost, highly palatable 
and convenient, UPFs offer a high desirability to consumers 
in the short term, which however has huge trade-offs for long-
term health (Box 2).

Box 2: UPFs: consumer trade-offs regarding convenience and 
taste versus health

UPFs and SBBs have been characterized as hyper-palatable and 
quasi-addictive (because they are high in fat and saturated sugar 
or salt) and are often ready-to-eat or ready-to-drink and so highly 
convenient when food preparation time or storage are an issue. 
UPFs are cheap and omni-present, sold by street-vendors, in super-
markets, and school and work environments. Consumers appreciate 
UPFs for their low price, palatability and convenience

Thanks to consumer appreciation, ready-to-eat UPFs contribute to 
more than 50% of total energy intake in some HICs (Martínez 
Steele et al., 2017; Neri et al., 2019, Moubarac et al., 2013) and 
their consumption is increasing rapidly in middle-income countries 
(MIC) (Baker & Friel, 2016; Marrón-Ponce et al., 2018; Martins 
et al., 2013). Over the past 15 years (2002–2016) UPFs volume 
sales increased by 67.3% in South and South-East Asia, 57.6% in 
North Africa and the Middle East, while volume sales of ultra-
processed drinks increased by 120% in South and South-East Asia 
and 70.7% in Africa (Vandevijvere et al., 2019b). Though urbaniza-
tion is a key driver of UPFs consumption, these products have also 
become an important part of the rural diet. Several studies find 
that rural populations, while keeping some of their traditional food 
practices, are transitioning to a Western diet high in ultra-processed 
and non-local foods (Cattafesta et al., 2020; Fernández, 2020). 
Reardon et al. (2014) found that highly-processed foods comprised 
between 13 and 22% of total food expenditure in rural households 
in four low- and middle-income Asian countries compared to 17.7% 
and 36.7% in urban households (Reardon et al., 2014). A small 
study in overweight Brazilian children showed a tendency of higher 
consumption of added sugar as well as UPF products among those 
children diagnosed with food addiction (Filgueiras et al., 2019). 
Other investigators have previously argued that specific components 
of processed food, and in particular those in “fast food”, are addic-
tive in a manner similar to some drugs (Lustig, 2020)

Evidence suggests a strong relationship between the type, intensity 
and purpose of food processing, diet quality and human health in 
Latin America (Monteiro et al., 2019) and in Africa (Reardon et al., 
2021). In studies conducted in HICs and MICs, consumption of 
UPFs has been associated with unhealthy dietary patterns (Adams 
& White, 2015; Bielemann et al., 2015; Martínez Steele et al., 
2017; Moubarac et al., 2017; Batal et al., 2018; Chen et al., 2018; 
Cornwell et al., 2018; da Costa Louzada et al., 2018; Vandevijvere 
et al., 2019a; Cediel et al., 2020), lower intakes of most micronu-
trients (da Costa Louzada et al., 2015; Cornwell et al., 2018; Da 
Costa Louzada et al., 2018), and overweight and obesity (Canella 
et al., 2014; Canhada et al., 2020; Mendonça et al., 2016; Monteiro 
et al., 2018; PAHO, 2015). In several prospective studies, increased 
consumption of UPFs has been associated with increased risk of 
depressive symptoms (Adjibade et al., 2019; Gómez-Donoso et al., 
2020), higher all-cause mortality (Blanco-Rojo et al., 2019), higher 
cancer risk (Fiolet et al., 2018; Rico-Campà et al., 2019), higher 
blood lipids in children (Leffa et al., 2020), hypertension (Men-
donça et al., 2017), and cardiovascular diseases (Srour et al., 2019)

3.1.4  Marketing and promotional aspects of food 
environments

In addition to physical and economic food environments, 
there is convincing evidence that the marketing of unhealthy 
foods affects food and beverage preferences (Borzekowski 
& Robinson, 2001; Boyland et al., , 2011, 2016; Kelly et al., 
2015), purchasing requests (Boyland et al., 2016; Buijzen & 
Valkenburg, 2003), and consumption (Boyland et al., 2016; 
Norman et al., 2018). Generally, marketing of foods and bev-
erages, including in LMICs, is predominantly for unhealthy 
products, as shown in a recent multi-country study (Kelly 
et al., 2019), and extensively directed to children (Allemandi 
et al., 2018; Fagerberg et al., 2019; Gamboa-Gamboa et al., 
2019; Mallarino et al., 2013; Pulker et al., 2018). In Chile, 
the country with the most comprehensive policy in place to 
restrict unhealthy food marketing to children, it was found 
that preschoolers' exposure to advertising for unhealthy 
foods, and consumption of unhealthy food products, sig-
nificantly decreased after the policy was introduced (Jensen 
et al., 2020; Workicho et al., 2019).

3.2  Challenges in individual food choices 
for healthy diets

Though price and affordability are considered the most 
important factors for low-income consumers, research 
indicates that low-income consumers’ food choices are 
also guided by seeking to fulfil higher-order needs related 
to their desires and aspirations to build social capital, for 
cultural reasons or to compensate for their limited means 
(Subrahmanyan & Gomez‐Arias 2008). Research on 
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drivers of food choices is abundant for consumers in HICs 
and MICs but much less is known about consumer choice 
drivers in LICs. Food choices are influenced by multi-
ple external (cultural and societal) and internal (personal 
and psychological) factors (Frewer et al., 2001; Kotler  
& Armstrong, 2018).

Systematic mapping reviews of determinants of dietary 
behavior in low- and middle-income urban African popu-
lations suggested that similar determinants play a role in 
food choices as in HICs, at the individual level (income, 
employment, education level, food knowledge, lifestyle, 
time), the social environment (family and peer influence, 
cultural factors), the physical environment (food expendi-
ture, lifestyle), and the macro environment level (Gissing 
et al., 2017; Osei-Kwasi et al., 2020; Yiga et al., 2020). 
The ways in which food is being produced, chosen, pre-
pared, eaten or appreciated for its taste are all influenced 
and defined by culture (Montanari, 2006). Food habits for 
instance, mainly formed early in life, are culturally deter-
mined, though globalization has changed traditional food 
habits across the world for better and for worse (Kearney, 
2010; Raschke & Cheema, 2008).

Social norms and values have a huge influence on indi-
vidual food choices. A recent meta-analysis reported that 
descriptive social norms (what most others do themselves) 
are more effective in influencing behavior than ‘injunctive’ 
norms (what others think one should do) (Melnyk et al., 
2019). This research also reported that the effects of social 
norms on behavior are stronger when they come from groups 
that are close to the person and when sanctions are specified, 
whereas explicitly mentioning the rewards of the behavior 
does not add to the effectiveness of the message. Younger 
people are also much more influenced by social norms than 
older people.

Cognitive psychologists and behavioral economists 
have extensively described how psychological traits influ-
ence human behavior: people do not like change (status 
quo bias), do not like to lose anything (loss aversion), 
have a strong preference for ‘free’ products, would rather 
not make a choice (default bias), prefer immediate over 
long-term benefits (discounting delayed events) and 
imitate others (social proof) (Ariely, 2010; Kahneman, 
2011). Therefore, the short-term pleasure of consuming an 
unhealthy food or meal has sometimes more weight than 
the expected long-term benefit of a healthy diet (Cisneros 
& Silva, 2017).

Box 3: ASFs: trade-offs between nutritional value, afford-
ability and environmental sustainability

ASFs have a high nutritional value and are an optimal source of high 
quality protein, and bioavailable vitamins and minerals (Murphy 
& Allen, 2003). Even small amounts of meat, fish or dairy are 
sufficient to support achievement of adequacy of intake of many 
nutrients (GBD 2017 Diet Collaborators, 2019). Low consumption 
of ASFs, combined with high consumption of phytate-rich plant-
based foods on the other hand is one of the contributing factors to 
deficiencies of some micronutrients such as iron deficiency anemia 
in women in LMICs (Bailey et al., 2015; Kassebaum et al., 2014; 
Workicho et al., 2019). When consumed in excess, however, ASFs 
have potentially negative effects on NCDs due to high levels of 
saturated fat, total energy, salt, and additives, particularly in pro-
cessed red meat (Micha et al., 2010; Pan et al., 2011).

ASFs are especially important for diet quality in LMICs where diets 
often have important nutritional gaps and ASFs are less accessible 
or affordable (Dasi et al., 2019; Grace et al., 2018; Nordhagen et al., 
2020). LICs rely more on staple cereals and pulses than HICs, and 
less on nutrient-dense foods (e.g. ASFs, fruits), as these face high 
market prices and high price and income elasticity due to demand 
so that as prices rise, people substitute for these preferred foods 
(Green et al., 2013; Headey et al., 2017; Abegaz 2018); FAO et al., 
2020).

Urbanization is a significant driver of ASF demand around the world, 
often promoting enhancement in infrastructure like cold chains to 
allow trade and improve safety in perishable foods. On the other 
hand, ASF consumption varies with production system and liveli-
hood; pastoralist communities who predominantly rely on livestock 
often consume more ASFs. In general, however, ASFs are costly 
and unaffordable for poor households, predisposing them to nutrient 
deficiencies (Abegaz et al., 2018).

On the other hand, the environmental footprint of livestock is at 
the heart of heated debates which encourage an important move 
towards plant-based diets, particularly in HICs (Chai et al., 2019; 
Willett et al., 2019). There is nevertheless heterogeneity among 
ASF products (i.e. eggs, dairy, poultry or red meat, and fish) in 
their nutrient contribution, in their respective production systems 
and value chains, and in their environmental impact that needs 
consideration.

Trade-offs offs and synergies between sustainability, affordability, 
environmental burden, and profitability of production and moder-
ate consumption of ASFs are very context specific (Willett et al., 
2019). Key challenges will be to ensure that ASFs are accessible 
to the most nutritionally vulnerable, putting regenerative produc-
tion practices into place, and reducing AFS consumption where 
it is excessive. Important features of these potential compromises 
between ASF production and consumption are compiled in Online 
Resource 6.

Though most people like to see themselves as rational 
human beings making conscious choices, 95% of behav-
ior is driven by subconscious determinants, which may 
favor impulsive alternatives that have an immediate ben-
efit (Logue, 1998; Zaltman, 2003). Subconscious motives 
include status, comfort, fear, disgust, attraction, love, 
and play amongst others (Aunger & Curtis, 2013). To 
achieve behavior change it is therefore insufficient to 
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rely only on planned, conscious and rational decisions 
of consumers, and emotional and subconscious motives 
that deliver more immediate, though not always rational, 
benefits should also be tapped into.

Within the framework of this paper, it is key to under-
stand whether other expected outcomes of food systems 
transformation (sustainability and inclusiveness) could 
be used to drive consumer food choices for a healthy 
diet. A European report indicated that sustainability is 
increasingly mentioned as a motive by consumers who 
fear for the destruction of the planet and its resources 
(BEUC, 2020). How strong these drivers are, in compari-
son with other drivers, especially those seeking short-
term benefits, is unknown and little is known about how 
consumers in LICs are (or could be) influenced by these 
drivers.

Trade-offs between sustainability, cost and health are 
illustrated for ASF (Box 3), which highlights the undisput-
able role of ASFs in helping nutrient gaps in resource-poor 
households where consumption is below the recommended 
minimum levels; but warns against health and environmen-
tal risks of overconsumption; and calls for necessary reduc-
tions in consumption in high-income settings in LMICs and 
HICs both for human and planet health. Online Resource 
4 summarizes key features of these potential compromises 
between ASF production and consumption; the features 
are related to nutrition, health, environmental, social and 
economic sustainability.

4  Food systems innovations toward healthy 
diets

This section highlights opportunities and innovations 
that have or could motivate consumers to make healthier 
food choices and in turn asks how a shift in consumer 
demand towards healthier foods may drive changes in 
the built and cultivated food environment.4 Rather than 
starting from the producer perspective, we propose to 
start with innovations at the consumer level and in food 
environments where consumers make choices about food 
purchases. As shown in Sect. 3, there is no universal con-
sumer and drivers of food choices vary widely between 
individuals at different stages of the life cycle and 
between population groups, and cultures. Creating aware-
ness on, and filling information gaps in, what healthy 
diets are will be insufficient to drive consumer choices in 

food systems transformation. Social and behavior change 
interventions must do more than rely only on planned, 
conscious and rational decisions of consumers, and 
should understand and use emotional and subconscious 
motives that deliver more immediate, though not always 
rational, benefits.

4.1  Consumer‑oriented innovations toward healthy 
diets

Though hardly an innovation, there is ample evidence of 
the effectiveness of nutrition-focused social and behavior 
change communication (SBCC)5 in LMICs, especially to 
improve infant and young child feeding practices (Ben-
edict et al., 2018; Lamstein et al., 2014; Webb Girard 
et al., 2020). However, there are few common elements 
in the design of such interventions, hampering replica-
bility (Graziose et al., 2018), and few SBCC programs 
have demonstrated impact when implemented at scale. 
The well-studied Alive and Thrive program demonstrated 
impact of at-scale implementation in Bangladesh, Ethio-
pia and Vietnam using interpersonal communication, mass 
media, and social mobilization and focusing on a limited 
number of actionable messages (Kim et al., 2020a, 2020b; 
Menon et al., 2016). A particularly successful example is a 
television advertisement in Vietnam in which two charm-
ing babies deliver the key message that an exclusively 
breastfed child does not need additional water.6 In East 
Java, Indonesia, the adoption of a set of behavior change 
interventions incorporating emotive, interactive and sur-
prising ways of improving child feeding was tested as part 
of an integrated nutrition, hygiene and healthy interven-
tion program, and showed a significant effect on infant and 
child feeding outcomes (Keats et al., 2019).

School feeding or school nutrition programs are imple-
mented in a large number of countries as they are deemed 
beneficial for the physical, mental, and psychosocial devel-
opment of school-age children and adolescents, particularly 
those in low- and middle-income countries (LMICs). Find-
ings from recent reviews (Kyere et al., 2020; WHO, 2020) 
suggest that comprehensive school nutrition policies using 
multiple components and approaches (e.g. diet, physical 
activity, educational interventions, environmental changes) 
are associated with positive weight-related, dietary and other 
outcomes among school children (WHO, 2020), though 
impact on anthropometry and nutrition behaviour require 
further investigation (Kyere et al., 2020). Nudging children 

4 We provide an overview of some promising interventions in this 
section rather than attempting to systematically review the literature. 
For a more systematic examination of evidence on food systems inno-
vations focused on four countries (Bangladesh, Ethiopia, Nigeria, and 
Vietnam), see (Lecoutere et al., 2021).

5 SBCC interventions can be categorized into three areas: (1) inter-
personal communication, (2) use of the media, and (3) community/
social mobilization.
6 https:// www. youtu be. com/ watch? v=- wIWFl r3xNE
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toward fruit and vegetable consumption has proven effective 
through the provision of free fruits and vegetables in school 
settings (Nguyen et al., 2020) or the use of smiley stamps as 
motivational incentives (Gwozdz et al., 2020). A recent sys-
tematic review and meta-analysis assessed the effectiveness 
of interventions on the food environment within and around 
schools to improve dietary intake and prevent childhood 
obesity (Pineda et al., 2021). Interventions had a significant 
and meaningful effect on BMI z score (standard mean dif-
ference: − 0.12, 95% CI: 0.15, 0.10) and fruit consumption 
(portions per day, standard mean difference: + 0.19, 95% 
CI: 0.16, 0.22) but not on vegetable intake. Changes in the 
school food environment could improve children's dietary 
behavior and BMI, but policy actions are needed to improve 
surrounding school food environments to sustain healthy 
dietary intake and BMI.

Much less is known about fostering healthy diet choices 
of other population groups (households, women, adoles-
cents, primary school children) in LMICs. The bulk of the 
evidence on impact of consumer motives, individual behav-
ior and social norms on diet and nutrition comes from HICs 
in the global North. Most innovative approaches make use 
of nudging strategies7 such as use of social norms, digi-
tal technology and social media, which complement more 
traditional inter-personal and mass-media behavior change 
approaches.

4.1.1  Leveraging social norms to motivate healthy diets

Social norms, defined by culture and context around healthy 
eating, may influence an individual’s food choice, imply-
ing that a code exists for appropriate behavior. Well-known 
social norms and taboos exist in LMICs for instance around 
nutrition for young children (for example avoiding eggs), and 
pregnant and lactating women.8 Social norms can be asserted 
by key influencers including parents and family, friends and 
peers, health care professionals, school teachers, the elderly, 
and traditional and religious leaders. Influencers may also be 
role models in society, such as singers, actors, or on social 
media (Instagram, YouTube, bloggers). Family traditions and 
the way parents talk about food, cook meals and eat together 
have been demonstrated to have a huge influence on the 
healthy eating habits that a child develops as documented in 
studies in HICs (Walton et al., 2018; Weinstein, 2005).

A review of 15 experimental studies in HICs found 
consistent evidence that norms influence food choices: 

information indicating that people not known to participants 
(e.g. ‘other students’ and ‘other people in the UK’) making 
low- or high-energy food choices, significantly increased the 
likelihood that participants made similar choices (Robinson 
et al., 2014b). In an experimental setting, messages contain-
ing reference to fruit and vegetable consumption of peers 
also proved to be more effective than a general health ben-
efit statement (Robinson et al., 2014a). Draper et al. (2015) 
reviewed 30 studies to determine the impact of social norms 
and social support on diet, physical activity and sedentary 
behavior of adolescents and found sufficient evidence for 
parental influences, especially on diet, but much less con-
clusive evidence for peer influences (Draper et al., 2015).

Although no literature was found that describes the use of 
social norms to influence healthy eating consumer behavior in 
low-income populations, a large body of literature describes 
the importance of cultural preferences and taboos in LICs and 
the use of positive deviance approaches to influence nutrition 
behavior (D’Alimonte et al., 2016; Fowles et al., 2005). A few 
LMIC examples include a mass-media and community-based 
behavior change campaign in Indonesia. The intervention used 
of the concept of gossip (reflecting social pressure) to reinforce 
appropriate infant feeding practices, successfully impacting 
dietary diversity (vegetable intake) and breastfeeding, but not 
snacking behavior (White et al., 2016).

4.1.2  Digital interventions and social media

Digital interventions have become mainstream for lifestyle 
behavior change regarding healthy eating, physical activ-
ity and quitting smoking in the global North. A review of 
online interventions indicated that the most successful tech-
niques in achieving dietary behavior change are goal setting, 
self-monitoring, and providing instructions and feedback. 
However, the quality of the evaluations was in general mod-
erate with relatively small sample sizes, a lack of effective 
engagement measures, and not all studies reported attrition 
rates (Young et al., 2019). Another review provided mod-
est evidence that app-based interventions to improve diet, 
physical activity and sedentary behaviors can be effective, 
especially when apps are used in conjunction with other 
intervention strategies (such as counselling sessions, moti-
vational emails, or pedometer use) which appear to be more 
effective than stand-alone app interventions (Schoeppe et al., 
2016). Another systematic review on the use of social media 
for the delivery of health promotion on smoking, nutrition 
(weight loss but not healthy diet), and physical activity, con-
cluded that there was insufficient quality evidence to estab-
lish whether health promotion delivered using social media 
was effective in improving health (Johns et al., 2017).

Several studies reported on the influence of social media on 
both positive and negative dietary habits of HIC adolescents 
and young adults (Chau et al., 2018; Fleming-Milici & Harris, 

7 Nudges are any aspect of choice architecture altering behavior in 
a predictable way without forbidding any options or significantly 
changing their economic incentives. To be considered a mere nudge, 
the intervention must be easy and cheap to avoid, and not mandatory 
(Thaler and Sunstein 2008).
8 https:// sight andli fe. org/ wp- conte nt/ uploa ds/ 2017/ 02/ Food- Taboos- 
infog raphic. pdf
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2020; Hsu et al., 2018). No literature was found with evidence 
for LICs, though examples of use of social media exist.9

4.1.3  m‑Nutrition services

Over the past 5–10 years, the use of mobile phone technology 
targeting behavior change has increased globally, with expecta-
tions to facilitate the adoption and long-term maintenance of 
new behaviors. Increased coverage of mobile broadband and 
rising adoption of mobile phones has catalyzed the development 
of m-Health, m-Nutrition, and m-Agri services. These services 
can be relevant for both urban and rural consumers in most 
LMICs, though need contextualization and innovation to reach 
women and the very poor for whom accessibility and connectiv-
ity remain key challenges. Further challenges include modest 
evidence on impacts, a lack of sustainable business models, and 
ineffectiveness of push messages (Barnett et al., 2016).

A review of 15 m-Health studies in Asian and Latin Ameri-
can countries showed that 50% of the e- and m-Health inter-
ventions were effective in increasing physical activity, and 
70% of the identified interventions were effective in improving 
diet quality (Müller et al., 2016). However, an evaluation of 
m-Nutrition services in Ghana and Tanzania found such ser-
vices did not always reach very poor households, nor women, 
and had a limited effect on nutrition behaviors at scale, though 
active users reported some behavioral change. Stand-alone 
mobile phone nutrition services may be insufficient to moti-
vate behavioral change, but may be more effective if com-
bined with in-person support (Barnett et al., 2020). There are 
also important coverage and usage gaps. The widest gaps are 
in sub-Saharan Africa where 31% and 45% of the population 
experience a coverage and a usage gap respectively versus 10% 
and 43% of the global population (GSMA, 2019). Significant 
technology investments, innovations and emerging business 
models aim to close these gaps.

4.1.4  Social marketing by the private sector

Evidence exists of the success of social marketing advertise-
ments on healthy eating (Abril & Dempsey, 2019). Campaigns 
with both stop-and-go outcomes (such as swapping fast food 
for healthy choices) as well as generic outcomes (such as 
using a coach for support in weight loss) were more success-
ful than campaigns with simple stop-or-go outcomes (such as 
decreasing fast food consumption). The length of campaigns 
(longer than 6 months) was also identified as a critical suc-
cess factor. Private sector food companies are now also invest-
ing in healthy choice campaigns, not only in HICs but also in 
LMICs (for example Green Food Steps in Nigeria, Nutrimenu 

in Indonesia10). Though the impact of such interventions is 
rarely assessed, a study in Nigeria indicated that a social mar-
keting approach to behavior change increased the amount of 
green leafy vegetables added to stews and iron-fortified cubes 
added to soups (Lion et al., 2018).

With the objective of transforming food systems towards 
healthy diets, a healthy planet, and healthy livelihoods for 
workers along the food value chain, it is key to take consumer 
motives, including psychological and emotional traits, and 
social norms, into consideration to create demand for healthier 
food options. Innovations and approaches for which evidence 
is currently mainly based on the global North offer entry points 
to develop context-specific innovations in the global South for 
both urban and rural populations. Rural areas in LMICs are 
increasingly connected through mobile and digital technology 
and packaged and processed foods are increasingly part of the 
rural diet. Consumers should be considered as active drivers in 
the transition of food systems, and not only as passive recipi-
ents at the end of the food value chain.

4.2  Market oriented innovation pathways 
toward healthy diets

4.2.1  Food labelling interventions

Providing nutrition information on packaged food prod-
ucts is mandatory in most HICs, but it is not as common 
in LMICs. Labels can potentially improve health through a 
direct effect, by reducing consumer demand for less healthy 
products; or through an indirect effect, by influencing man-
ufacturers or restaurants to reformulate their products so 
that they meet the requirements to receive a positive label, 
which makes them becoming more attractive for consum-
ers to buy.

When labelling is mandatory, all packaged foods need to 
provide nutritional information. Labels usually list calories, 
fat and protein content, and some micronutrients, mostly in 
a table on the back of the pack (BOP).11 However, in several 
countries new front of packaging (FOP) labeling has been 
implemented. In Latin America, however, several countries 
have introduced an FOP “stop sign” type system. Labelling 
can be voluntary, providing a signal for foods that are health-
ier when the food product meets standards set by an external 
agency. For example, the Nutriscore FOP label in France 

10 See https:// www. knorr. com/ ng/a- world- of- flavo ur/ about- us/ green- 
food- steps. html and https:// www. royco. co. id/ royco nutri menu. html
11 BOP labelling is a nutrition declaration on pre-packed foods pro-
viding the energy value, amounts of fat, saturates, carbohydrate, sug-
ars, protein and salt per 100 g or per 100 ml of the food, in either a 
legible or linear tabular format. FOP nutrition labelling is simplified 
nutrition information on the front of packages aiming to help con-
sumers with their food choices.9 See for example https:// www. smart food. org
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is voluntary; though it began adoption in 2018, now about 
50% of foods use it. In Asia, examples include the introduc-
tion of a warning statement in Indonesia, and a red label for 
soft drinks with high sugar contents in Sri Lanka. Several 
Asian countries use FOP health logos such as the healthier 
choice symbol (Malaysia and Thailand), the Wise Eat logo 
(Philippines), or a logo based on the Healthy Choices sys-
tem. Finally, South Africa has introduced a voluntary traffic 
light label for energy, total sugar, fat, saturated fat and total 
sodium or salt equivalent per serving.

Although there is no evidence on the impact of volun-
tary labelling efforts on public health and diets, evidence 
exists on mandatory FOP labelling or labelling on restau-
rant menus in HICs. A meta-analysis concluded that FOP 
food labels increased the percentage of people selecting 
a healthier food product by about 18%, but the impact on 
energy intake reduction was not statistically significant (Cec-
chini & Warin, 2016). The same study indicated interpretive 
traffic light labels seem to be slightly more effective than 
Guidelines on Daily Amounts or other type of FOP labels, 
in which green labels suggest healthier foods. A more recent 
meta-analysis suggests that labelling reduces energy and fat 
intake among consumers, and increases vegetable intake 
(Shangguan et al., 2019). Restaurant labelling may not be 
as effective. Long et al. (2015) found that menu labelling 
of calories appears to lead to a decline of 18 cal in the total 
calories ordered on average, but they point to significant 
heterogeneity across studies.

Evidence exists on several of the FOP labelling programs 
in Latin America. In Chile, a black stop sign is used to indi-
cate foods high in salt, added sugar, calories, or saturated 
fats (Reyes et al., 2019). Araya et al. (2020) found that con-
sumers tend to substitute away from breakfast cereals with 
black labels (towards those without labels), but found no 
effect on purchases of chocolate or cookies. There is also 
evidence of product reformulation to avoid black labels 
(Reyes et al., 2020). No studies appear to exist on longer-
term impacts or health impacts of food labelling, but some 
evidence shows SSB demand has fallen following labelling 
(Taillie et al., 2020). In Mexico, Vargas-Meza et al. (2019) 
demonstrated that directive and semi-directive labels, such 
as warning labels, health star ratings or traffic light style 
labels, may be better at helping low- and middle income 
consumers make healthier food choices than non-directive 
FOPs, such as Guidelines on Daily Amounts (Vargas-Meza 
et al., 2019).

Beyond HICs and recent evidence from Latin America, 
further evidence of the impact of labelling on healthy food 
choices remains limited. A review of nutrition labelling stud-
ies in the global South indicates that consumers like to have 
nutrition labelling on pre-packaged foods, but use and com-
prehension of the labels is low (Mandle et al., 2015). The 
same review concluded that government-endorsed nutrition 

information that is clear, easily visible, standardized, and 
includes symbols or pictures, are positively received by con-
sumers. A qualitative study in South Africa found that food 
prices remain a more important consideration among South 
African consumers when selecting food products than qual-
ity and nutritional value (Koen et al., 2018).

4.2.2  Advertising regulation

Countries aim to regulate either food advertising or pack-
aging. Limiting advertising of junk foods is used to reduce 
consumption of those foods. This is considered particu-
larly important for advertising directed at children in order 
to reduce consumption and curb the rise in child obesity. 
Evidence on such interventions is mixed but suggests man-
datory bans could be more effective than self-regulation. 
Quebec banned advertising to children between 1984 and 
1992. Dhar and Baylis (2011) compared households in 
Quebec and neighboring parts of Ontario, and found that 
the ban on advertising targeted to children decreased the 
propensity of consumers to purchase fast food (Dhar & 
Baylis, 2011). A systematic review combining studies on 
actual and self-regulation suggests that more actual regu-
lation of food advertising targeted to children was more 
effective at reducing children’s exposure and had more 
potential to improve health than self-regulation (Chambers 
et al., 2015). Currently, 16 countries have implemented 
regulations on unhealthy food marketing to children, 
including both restrictions on television advertising during 
children’s programming, and restrictions on advertisements 
in schools (Taillie et al., 2019).

4.2.3  Changes in default options and changes 
to the physical environment

As people are, in general, risk averse and prefer the status 
quo, the default option is an important element of decision-
making (Ariely, 2010; Kahneman, 2011). Setting healthy 
options as default in food choices may work well in fast 
food and institutional restaurants (workplaces, schools) 
(Anzman-Frasca et al., 2015; Thorndike et al., 2012). Public 
procurement schemes such as ‘home-grown’ school feeding 
programs, can also complement regular food baskets with 
fresh food, such as vegetables and eggs, purchased from 
local smallholder farmers (Masset & Gelli, 2013).

The proximity of healthy foods also encourages its con-
sumption by low-income populations, who often lack the time 
to prepare healthy dishes or do not have refrigeration to store 
and preserve healthy perishable foods. In Madagascar, ‘baby 
restaurants’ promote and sell nutritious locally-made comple-
mentary foods for children over 6 months of age, and mobile 
food vendors sell healthy porridges door-to-door (MQSUN+, 
2018). Similarly, fruit and vegetable cart interventions have 
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been attempted in contexts as varied as New York City and 
Nigeria. In New York City, a mobile vending initiative was 
associated with an increase in the number of establishments 
selling fruits and vegetables in intervention neighborhoods 
relative to control neighborhoods (Farley et al., 2015). In 
Ibadan, Nigeria, a vegetable-on-wheels intervention has simi-
larly attempted to increase availability and convenience by 
setting up carts that offer ready-to-cook vegetables. In both 
cases, the interventions were simply proof-of-concept and 
there is no robust evidence that they actually affected diets.

Further innovations relate to making healthy foods more 
convenient. Milk vending machines in Kenya reach a grow-
ing market segment of consumers, allowing them to buy the 
exact amount of milk they need, when they need it, and at a 
much lower cost than processed packaged milk (Ayuya et al., 
2020; MQSUN+, 2018). The combination of affordability 
and convenience is another attractive choice for consumers 
as in the case of pre-cooked, dehydrated beans that are sold 
in small, affordable packages by Smart Logistics Solution 
Ltd., a Kenyan aggregator and marketer of cereals and pulses 
(MQSUN+, 2018). These solutions, which can potentially 
be used in both urban and rural areas, provide economic 
opportunities for the (often female) entrepreneur and poten-
tial health benefits for consumers.

4.2.4  Taxes and subsidies

Governments can lower the prices of healthier foods, relative 
to those that are consumed sufficiently or in excess, through 
subsidizing nutrient-dense foods or by imposing a tax on 
an unhealthy food component, e.g. the introduction of a 
sugar or unhealthy fat tax. The outcomes of such interven-
tions for different groups of consumers should be carefully 
considered to determine direct and indirect effects, such as 
substitution and economic effects (Jensen & Smed, 2018). 
A careful combination of taxes and subsidies is perhaps the 
most effective option (Redondo et al., 2018).

The most common policy, implemented in 42 countries 
and eight localities around the world, are taxes on SSBs 
(Global Food Research Program, 2020) to reduce demand 
and curb the rising rates of overweight and obesity. Much 
of the evidence on effects of sugary drink taxes comes from 
Mexico, a leader in implementing this tax. Colchero et al. 
(2017) show sales of taxed SSBs fell by 5.5% in 2014 and 
9.7% in 2015 relative to 2012–2013, while sales of non-taxed 
beverages increased by 4%. Simulation evidence suggests 
that impacts of this magnitude could reduce type 2 diabetes 
cases by about 190,000 cases over ten years, against a popu-
lation of over 130 million (Sánchez-Romero et al., 2016). 
Researchers are now beginning to consider changing the 
design of taxes to increase impact. Taxing grams of added 
sugar rather than taxing volume could trigger demand shifts 
and support product reformulation, thus further benefiting 

consumer health; a sugar tax rather than a volume tax has 
been shown to reduce diabetes incidence by a further 0.7% 
per year in the US (Grummon et al., 2019). Another frontier 
for potential taxes would be on UPFs, since they are associ-
ated with negative health effects (Pagliai et al., 2020). Taxes 
on UPFs could reduce demand through price effects; such 
taxes could also lead to reformulation.

Consumption subsidies for healthy foods are another 
option that has been used mostly in the form of vouchers 
for fruits and vegetables. Voucher programs, targeted at 
low-income consumers in Canada and the US, can be used 
at farmers’ markets for fruits and vegetables (e.g. Byker 
et al., 2013; Downs & Fanzo, 2016). There is little evidence 
regarding their effectiveness in increasing fruit and vegeta-
ble intakes, with only two studies showing any effect on 
intake (Olsho et al., 2016)and food security (Ridberg et al., 
2019). Distributing coupons could lead to increased fruit and 
vegetable intake, and be an effective type of intervention to 
test in a developing country setting where incomes are low 
and lack of affordability is a major barrier to consumption.

Last, cash or food transfers (whether conditional or 
unconditional) offer an opportunity to improve diets among 
poor and marginalized populations by increasing their pur-
chasing power, improving diet quality and reduce poverty 
and food insecurity (Hawkes et al., 2020). A recent review 
focusing on sub-Saharan Africa demonstrates cash transfers 
typically improve dietary diversity among young children 
(de Groot et al., 2017). Targeted transfers are more effec-
tive than universal transfers in reaching the most vulnerable 
and reducing programme costs, but might suffer from inclu-
sion and exclusion errors (Hanna & Olken, 2018). Despite 
their benefits, there are concerns about unintended negative 
effects, especially in areas where a nutrition transition is 
taking place and UPFs are abundant, as in Mexico and the 
Philippines. These negative effects are related to providing 
or subsidizing foods, snacks and beverages high in energy, 
sugar, fat, and salt, or providing income that could be used 
to purchase these foods, increasing the risk of exacerbating 
the growing problem of overweight, obesity and the double 
burden of malnutrition. Cash transfers can potentially be 
leveraged for double duty through the inclusion of strong 
education and behaviour change communication focused on 
healthy diets (Hawkes et al., 2020); if not, particularly in 
areas with adverse food environments, targeted coupons may 
be preferable to cash transfers.

5  Discussion

This paper argues that taking a healthy diet perspective, 
instead of a narrower production-focused approach, in food 
system transformation is essential to reverse current trends 
towards unhealthy and unsustainable diets and address the 
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persistent problems of undernutrition and micronutrient defi-
ciencies and the rapid rises in overweight and obesity and 
related NCDs. Business as usual in nutrition, health, and 
food system policies and programs has not been success-
ful at preventing or attenuating the nutrition transition, first 
mentioned more than 25 years ago by Popkin (1993). The 
main focus of most large agriculture investments and food 
system transformation has been on increasing food produc-
tion, strengthening agri-food supply chains and markets, and 
focusing on increasing income of producers and value chain 
agents and ensuring that nations supply enough calories 
(mostly from traditional staple cereals and oil crops) to meet 
the needs of their growing populations (Khoury et al., 2014). 
In parallel, investments in small-scale agriculture, nutrition, 
and gender programming also gained momentum in the past 
two decades, reaching populations that were generally left 
behind by large agriculture investments. These nutrition- and 
gender-sensitive programs, which mostly targeted rural and 
underprivileged populations, operated as a type of “safety 
net” for poor households to increase their agriculture pro-
duction and consumption diversity, empower women, and 
improve maternal and child nutrition. Reviews of these pro-
grams’ impacts showed that they were successful in achiev-
ing most of their goals, including improving household pro-
duction diversity and maternal and child dietary diversity, 
empowering women, and in some cases increasing maternal 
knowledge of child feeding practices and health practices. 
There was, however, little evidence of significant impacts on 
reductions in child undernutrition (e.g. stunting or wasting), 
which would have required greater investments from other 
sectors, especially in health and water and sanitation (Ruel 
et al., 2018). One of the conclusions from the reviews of 
this experience is that agriculture should prioritize achiev-
ing impacts on what it does best—provide food in the right 
amount and of the right quality to support consumption of 
diverse and healthy diets for all household members—rather 
than focusing more narrowly on achieving gains in child 
anthropometry (GLOPAN, 2020; Ruel et al., 2018). Achiev-
ing healthy diets should be an explicit goal of all sustainable 
food systems transformation, if the SDGs on food security, 
nutrition, health, poverty, and education are to be achieved.

Until recently, the food environment, consumer prefer-
ences and dietary needs, the whole-of-diet approach, and 
the affordability of healthy diets were generally neglected 
in international reports on agriculture and food system 
strategies (Brouwer et al., 2020). Though the importance 
of healthy food environments to reduce obesity was high-
lighted in 2013 by the INFORMAS network (Swinburn 
et al., 2013), a healthy and sustainable diet was not seen as 
an explicit goal of global food systems until the publication 
of the High-Level Panel of Experts on Food Systems and 
Nutrition (HLPE, 2017), the EAT-Lancet paper on healthy 
diets from sustainable food systems (Willett et al., 2019), the 

SOFI (FAO et al., 2020) and the Global Panel on Agriculture 
and Food systems for Nutrition Foresight 2.0 (GLOPAN, 
2020) reports. Likewise, available information and insights 
regarding diets, consumer choices and food environment has 
only recently begun to be included in food systems analysis.

The large heterogeneity between regions and countries, 
which often house multiple food system types that are 
dynamic and rapidly evolving, highlight that there is no ‘one 
size fits all’ solution. We need a deeper understanding of 
consumer food choices and the food environment in order to 
inform transformative food system strategies. In food systems 
analysis it is often assumed that healthy foods are available 
and accessible, populations will consume them. This assump-
tion is too simplistic. There is good evidence that consum-
ers living in urbanized areas and other contexts where food 
systems are complex in HICs and MICs can be nudged into 
healthier choices by establishing social norms, using digi-
tal applications, m-Health services, product labelling, sugar 
taxes, or making healthy food the default choice. Therefore, 
demand creation and SBCC strategies should be paired with 
innovations in the food environment and used to redirect food 
systems toward healthier diets. Yet, there is limited to no evi-
dence on whether (and how) this will work or of what types 
of adaptations are needed for food systems in L, or and what 
the potential for scaling in different contexts is likely to be.

In addition, most interventions targeting the consumer, 
food environment or supply of nutritious foods are developed 
as stand-alone interventions, focusing on a single component 
of food systems. Though such interventions may be effective 
within their ‘food systems component’, there is no alignment, 
cohesion, or connectedness of interventions across compo-
nents. Improving cohesion of these interventions and com-
bining with policy incentives will enable a multiplier effect 
of food system transformations on desired health and envi-
ronmental outcomes at scale. There are however, important 
challenges for food policies and innovations. Game changing 
innovations that have the power to transform food systems 
are unlikely to be stand-along actions but rather collaborative 
action between business, public and private sector (Pederson 
et al., 2020). This is not a panacea. Although comprehensive 
nutrition policies have been developed over the last decades in 
various countries, these policies are poorly funded (Develop-
ment Initiatives, 2018), evaluated (Morris et al., 2008) and 
rarely involve the private sector (Lachat et al., 2013).

To enhance coherence and connectedness, governments are 
encouraged to develop and implement a National Food Systems 
Strategy and Action Plan, which addresses desired health, envi-
ronmental and inclusivity outcomes through cohesive, inter-
connected interventions across all food system components, and 
which is aligned with a National Nutrition Strategy and Action 
Plan. These should include development or revision of national 
FBDGs that consider not only health impacts of recommended 
diets, but also environmental impacts and sustainable food 

1511Reverse thinking: taking a healthy diet perspective towards food systems transformations



1 3

production. These guidelines set the minimum dietary stand-
ards to prevent malnutrition in all its forms and related health 
risks and facilitate the formulation of dietary targets that should 
be taken into account together with sustainability and inclu-
siveness goals in decisions for public and private investment 
strategies for food systems transformation that contribute to the 
achievement of healthy diets. Where food based dietary guide-
lines are present, they are often not used to their full potential 
and evidence of embedding food based dietary guidelines in 
policies, programmes and strategies in different sectors (e.g. 
health, agriculture, education etc.), settings (e.g. schools, com-
munities, workplaces, restaurants, catering) and actors (gov-
ernment, private sector, civil society organisations, media) is 
scarce (Wijesinha-bettoni et al., 2021). Development of food 
based dietary guidelines should be accompanied by implemen-
tation plans including monitoring and evaluation of progress 
and impact on healthy diets from sustainable food systems.

To ensure food system transformations will deliver on 
better health and nutrition, within planetary boundaries and 
based on a sound social foundation, we recommend that 
food system analyses and intervention designs incorporate 
healthy diet considerations. This includes challenging tradi-
tional thinking by starting with the consumer and going back 
along food system processes to the producers to: (1) re-focus 
food systems transformation towards achieving healthy diets 
from sustainable food systems; (2) use food systems analysis 
to identify potential bottlenecks and enablers in the various 
components, actors and drivers of food systems which pro-
hibit or promote the achievement of healthy diets. Contrary 
to the traditional supply- and market-oriented food systems 
analysis, such reverse analysis aims to assess the potential 
impact of any change or intervention in any given food sys-
tems component on the expected healthy diet outcome. To 
ensure that a healthy diet perspective is taken into considera-
tion in food systems analyses, intervention design and policy 
development, we recommended that:

1. Food systems analysis contributes to a more in-depth 
understanding of the availability, accessibility and 
affordability of healthy diets in each food system type 
to inform decision-making regarding context-specific 
food systems policies and interventions.

2. Food systems analysis identifies potentially conflicting 
or synergistic objectives across, or trade-offs between, 
multiple food systems actors, drivers and outcomes. 
Whereas the healthy diets objective seems well aligned 
with attaining environmental sustainability of food sys-
tems, other trade-offs may exist between desired healthy 
diets among consumers, economic objectives of produc-
ers and social objectives of governments, which all need 
to be weighed and managed carefully.

3. Food systems analysis should include the formulation of 
questions that challenge intrinsic assumptions regard-

ing the relationship between food system components. A 
specific intervention in one of the components may have 
unintended consequences in another. These assumptions 
and consequences should be well understood and made 
explicit. For example, if behaviour change interventions 
are successful in catalyzing demand for specific nutri-
tious foods (e.g. fruits and vegetables) and supply can-
not increase to meet this demand, prices would increase 
with potential negative effects on diets among the poor 
or other disadvantaged populations.

4. Research investments are made in LMICs for testing 
interventions that are impactful in one food system type 
and for adoption and effectiveness assessment in another 
food system, for example nudges to drive healthier con-
sumer choices should be adapted to, and tested in, coun-
tries characterized by a rural, traditional and emerging 
food systems typology.

Finally, complex food systems transformations involving 
multiple actors, activities and outcomes call for strong food 
systems governance and political will to provide direction and 
incentives to explicitly manage potential trade-offs, different 
or even conflicting interests among food system agents and 
unintended consequences on targeted outcomes (Brouwer 
et al., 2020). This governance should involve careful naviga-
tion between those agents who have vested interests in the 
status quo versus those who are promoting incumbent system 
changes. Coalition forming/organizing social movements that 
support innovations are crucial to advocate for more account-
ability across food system governance (Sartas et al., 2020). 
This also requires the courage to challenge and discuss well-
established food policies such as subsidies for staple foods or 
intensive livestock production, and requires interventions that 
address power imbalances, and connections between formal 
and informal systems, while giving a voice to marginalized 
populations (Dunning et al., 2015; Mancini, 2019). The pro-
posed paradigm shift, by adopting reverse thinking and starting 
from a dietary perspective to food systems transformation is 
of relevance for the implementation of the actions and game-
changing solutions identified through the Action Tracks and 
Dialogues towards the United Nation Food System Summit, 
which may lead to many more innovations being implemented 
at scale leading to a transformation towards more sustainable 
and more inclusive food systems that deliver healthier diets.
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