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The food system is responsible for some of society’s most pressing sustainability
challenges. Dietary guidelines are one policy tool to help address the multiple
sustainability challenges associated with food systems through dietary recommendations
that better support environmental and human well-being. This article develops and
applies a sustainability framework scoring tool comprised of four key dimensions
(environmental, economic, human health, and sociocultural and political) and 32
sub-dimensions of sustainable food systems for the analysis and modification of national
dietary guidelines. Two coders pilot tested the framework to quantify the occurrence
of sustainability dimensions and sub-dimensions in national and regional dietary
guidelines of 12 randomly selected high-income and upper-middle income countries
including Albania, Australia, Brazil, the Grenadines, Grenada, Qatar, Netherlands,
Nordic Countries, St. Vincent, Sweden, Thailand, the United Kingdom, and the
United States. Sustainability Dimension Scores (SDS) were calculated as a percentage
of the occurrence of the eight sub-dimensions comprising each sustainability dimension
and Total Sustainability Scores (TSS) were calculated as a percentage of the occurrence
of the 32 sub-dimensions in each guideline. Inter-rater reliability of TSS and SDS
indicated high validity of applying the sustainability framework for dietary guidelines.
SDS varied between the four sustainability dimensions with human health being the
most represented in the dietary guidelines examined, as hypothesized (average SDS
score of 83%; range from 50 to 100%). Significant differences (p < 0.0001) were found
in mean SDS between the four sustainability dimensions. Overall, results indicate that
the ecological (average SDS score of 31%; range from 0 to 100%) economic (average
SDS score of 29%; range from 0 to 100%), and socio-cultural and political (average
SDS score of 44%; range of 0–100%) dimensions of sustainability are underrepresented
in the examined national dietary guidelines with significant differences in SDS between
guidelines (p < 0.0001). TSS varied by country between 12 and 74% with a mean score
of 36% (± 20%). Brazil had the highest TSS (74%) followed by Australia (69%). The
sustainability framework presented here can be applied by policy makers, researchers,
and practitioners to identify gaps and opportunities to modify national dietary guidelines
and associated programs for transforming food systems through diets that support
planetary health.
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INTRODUCTION

systems through recommendations that better support human
nutrition and public health while enhancing the ecological,
economic, and cultural aspects of food systems. National dietary
guidelines provide a unified voice to the public regarding
where the government stands on dietary advice to inform
food choices in the context of health promotion and disease
prevention (Dietary Guidelines Advisory Committee, 2015).
Different national and international institutions as well as
scientific organizations have developed dietary guidelines over
the past few decades to promote healthy lifestyles aimed at
mitigating diet-related chronic disease (Magni et al., 2017). In
addition to informing consumers about dietary choices, national
dietary guidelines serve as the foundation for information on
food and nutrition policies and programs instituted within a
country, often with budgetary allocations (Dietary Guidelines
Advisory Committee). For example, national dietary guidelines
of the United States inform multiple national programs including
the formulation of lunches as part of the National School Lunch
Program, and the composition of the safety net provided by
the Supplemental Nutrition Assistance Program as well as the
Women, Infants, and Children (WIC) program. The food and
beverage industry often responds to changes proposed in dietary
guidelines by reformulating products.
The focus of dietary guidelines in the past was largely based
on meeting nutrient requirements regarding how people should
eat in their specific socio-ecological contexts to support nutrition
and health (Magni et al., 2017). In more recent times, it has
been acknowledged that dietary guidelines have the potential
to not only support citizens on how to make healthier choices
about food (and sometimes about physical activity), they can
also serve to guide consumers in a country to make food
choices that support the multiple dimensions of sustainable
diets (Garnett, 2014; Donini et al., 2016; Nelson et al., 2016).
The role of dietary guidelines has broadened in view of the
multiple environmental constraints that put pressure on the
food system and the resulting need to preserve natural resources
and ecosystem health (Fischer and Garnett, 2016; Nelson et al.,
2016). For example, several countries including Germany, Brazil,
Sweden, and Qatar have incorporated aspects of sustainability
into their dietary guidelines in recent years (Fischer and Garnett,
2016). Integrating recommendations for supporting the four
dimensions of sustainable diets in national dietary guidelines has
the potential to transform the food system toward enhancing
planetary health by influencing the food choices and actions of
consumers, food and nutrition programs, as well as the food and
beverage industry.
The objective of this study was to develop, apply, and validate
an integrative framework scoring tool to examine the presence
of the environmental, economic, sociocultural/political, and
human health dimensions of sustainability and associated
sub-dimensions in national dietary guidelines. The goal
of applying the integrative framework is to address the
following research question: How are environmental, economic,
sociocultural/political, and human health dimensions of
sustainability and associated sub-dimensions represented in
national dietary guidelines and, how does this vary between
guidelines? We compared variation of the occurrence of the

It is widely recognized that the way humans produce, distribute,
consume, and waste food through the food system is responsible
for some of society’s most pressing sustainability challenges
(Horrigan et al., 2002; Gomiero et al., 2011; Edenhofer et al.,
2014; Tilman and Clark, 2014; He et al., 2018; Willett et al., 2019).
Food systems are composed of complex sub-systems of diverse
components, stakeholders, and processes from production to
consumption to waste including communities and policies at
local, national, and global scales (Herforth et al., 2017; Ahmed
and Byker Shanks, 2019). While processes of the food system
are linked with numerous environmental externalities, such as
climate change, biodiversity loss, and water and air pollution
(Vermeulen et al., 2012), human nutrition is critically dependent
on multiple ecosystem services including water, soil fertility,
pollination, climate regulation, and food quality (Deckelbaum
et al., 2006). The sustainability challenges of the food system are
exacerbated by climate change and variability (Vermeulen et al.,
2012; Wheeler and von Braun, 2013) that threatens food security
and public health through decreased agricultural production
(Ewert et al., 2005; Avnery et al., 2011a,b; Tai et al., 2014),
increased food contamination (Tefera, 2012), disruption of food
supply chains (Campbell et al., 2016), increased prices (Tai et al.,
2014), and reduced food quality (Myers et al., 2014; Ahmed
and Stepp, 2016). The concept of sustainable diets has been
promoted in recognition of the complex and interconnected
challenges facing food systems (Gussow and Clancy, 1986;
Burlingame, 2012).
Sustainable diets are healthy diets from sustainable food
systems that advance the human condition and conserve
ecological resources in socially acceptable ways (Burlingame,
2012; Johnston et al., 2014; Jones et al., 2016; Ahmed and Byker
Shanks, 2019). Four key dimensions of sustainable diets have
been identified based on the multiple dimensions of sustainability
including ecological, economic, human health, and sociocultural
and political (Jones et al., 2016; Downs et al., 2017; Mason
and Lang, 2017). The ecological dimension of sustainable diets
is characterized by the environmental aspects of agriculture
toward minimizing the negative externalities of production while
promoting biodiversity and ecosystem services (Nelson et al.,
2009). The economic dimension of sustainable diets pertains
to the activities and actors along food value chains from farmto-fork and waste (Garnett, 2011; Barilla Center for Food
and Nutrition, 2015; Fanzo et al., 2017). The human health
dimension of sustainable diets involves health, nutrition, and
food environments and relates to ensuring that diets are holistic
and diverse, contain less meat, and are accessible to everyone,
including the most vulnerable populations (Jones et al., 2016;
Downs et al., 2017; Herforth et al., 2017; Mason and Lang, 2017).
The sociocultural and political dimension of sustainable diets
takes into account food culture, equity, skills, knowledge, and
values as well as broader food system issues including labor
rights, animal welfare, and food sovereignty (Downs et al., 2017;
Mason and Lang, 2017; Ahmed and Byker Shanks, 2019).
Dietary guidelines are one policy tool that can help address the
multiple sustainability challenges associated with diets and food
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and nutrition had a discussion regarding the inclusion of
the prevalent constructs characterizing sustainable diets and
sustainable food systems that are supported by evidence that are
applicable to national dietary guidelines. The resulting constructs
that are supported by primary evidence were grouped as subdimensions of the four ecological, economic, and sociocultural
and political, and human health dimensions of sustainability
(Table 1). In some cases, similar constructs were combined to
result in a total of eight sub-dimensions for each dimension
of sustainability in the resulting sustainability framework tool
(Table 1). Additionally, in some cases, specific sub-dimensions
of sustainability could potentially be grouped in more than one
sustainability dimension due to the interconnectedness of aspects
of sustainability. In such cases, we tried to refine the sustainability
sub-dimension and its description to be more aligned with a
specific sustainability dimension. For example, food security
touches upon issues that are connected to human health,
economics, and social dimensions of sustainability. We thus
broke out the components of food security as nutrition aspects of
food security and economic aspects of food security and refined
their descriptions.

sustainability dimensions and sub-dimensions between 12
randomly selected national dietary guidelines of high-income
and high-middle income countries toward validating the
integrative framework for broader application. We hypothesized
that the human health dimension of sustainability would be
most well-represented in national dietary guidelines compared
to the ecological, economic, and socio-cultural and political
dimensions of sustainability given the overarching goal of dietary
guidelines to improve well-being. In addition, we hypothesized
that countries that are recognized to explicitly integrate
sustainability into their dietary guidelines would demonstrate
greater presence of the ecological, economic, and socio-cultural
and political sustainability sub-dimensions. The sustainability
framework and findings presented here have the potential to
inform the evaluation and modification of national dietary
guidelines by pointing to gaps and opportunities regarding the
representation of the multiple dimensions of sustainability.
Ultimately, taking an integrative sustainability approach to
dietary recommendations helps support multiple Sustainable
Development Goals (SDGs) toward advancing healthy diets from
sustainable food systems that support planetary health.

Selection of Dietary Guidelines
In order to evaluate the applicability of the resulting integrative
framework, the study team compiled all national dietary
guidelines that are available in English that are either classified
as high-income or upper-middle income. A total of 34 national
dietary guidelines were identified that are in English from
high-income and upper-middle income countries. As the goal
of this study was to test the applicability of the framework
in evaluating the representation of sustainability in national
dietary guidelines, we focused on national dietary guidelines
that are available in English as a convenience sample. We
further focused on high-income and upper-middle income
countries as advancing sustainable diets may not be as equitable
or ethical of an approach in low-income country settings
because of the prevalence of undernutrition (Milner and
Green, 2018). Our sample size of 12 guidelines represents a
sample size of 35% of the available (n = 34) national dietary
guidelines in English from high-income and upper-middle
income countries.
The resulting dietary guidelines were grouped into two
categories based on their recognition of integrating sustainability
in the literature. Specifically, all high-income and middleincome countries in the sample group that were recognized
in the literature (Barilla Center for Food and Nutrition, 2015;
Monteiro et al., 2015; Seed, 2015) to integrate sustainability
were categorized as Group 1 countries and all other dietary
guidelines were categorized as Group 2 countries. A total of seven
countries that are either high-income or high-middle income
that have national or regional dietary guidelines available in
English were assigned as Group 1 countries including: Brazil
(Monteiro et al., 2015), Qatar (Seed, 2015), Germany (Barilla
Center for Food and Nutrition, 2015), Netherlands (Barilla
Center for Food and Nutrition, 2015), Sweden (Barilla Center
for Food and Nutrition, 2015), United Kingdom (Barilla Center
for Food and Nutrition, 2015), and Nordic Countries (Barilla

METHODS
Development of Integrative Sustainability
Framework
We developed a sustainability framework tool for quantitatively
assessing the four key dimensions of sustainability in national
dietary guidelines that was adapted from a previously developed
sustainable diets framework published by two of this study’s
authors (Downs et al., 2017). The previous sustainable diets
framework examined food policy in Nepal (Downs et al.,
2017). In this study, we drew from this previous study (Downs
et al., 2017) along with prevalent constructs of sustainable
diets and sustainable food systems described in the literature
that are applicable to recommendations in dietary guidelines
(Supplementary Table 1).
Specifically, the search terms used to identify dimensions
of sustainable diets and sustainable food systems that are
evidence-based and applicable for inclusion in dietary guidelines
included the following: sustainable OR sustainability AND
diet OR food OR dietary guidelines. The search terms
were entered into multiple publication databases including
Web of Science, Science Direct, and Google Scholar. Two
coders validated the inclusion of articles resulting from
this search. The resulting articles (Supplementary Table 1)
were scanned to identify specific attributes of sustainable
diets and sustainable food systems associated with the
environmental, economic, sociocultural/political, and human
health dimensions of sustainability. We validated the inclusion
of the identified attributes to include as constructs in our
integrative framework through a primary literature in multiple
publication databases to ensure each construct is supported
by evidence.
Based on the resulting evidence in the literature, the study
team consisting of experts in sustainable food systems, diets,
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TABLE 1 | Sustainability framework tool for evaluating national dietary guidelines.
Sustainability dimensions and sub-dimensions

References

ECOLOGICAL DIMENSION
Production quality: The dietary guidelines support production systems that cultivate
for nutritional quality (crop quality).

Welch and Graham, 1999; Graham et al., 2001; Hunter et al., 2011; Rich
et al., 2011; Miller and Welch, 2013; Hallström et al., 2018

Adequate production: The dietary guidelines promote adequate food production
and agricultural productivity, such as incentives for production.

Boody et al., 2005; Havstad et al., 2007; Swinton et al., 2007; Levidow and
Psarikidou, 2011; Govindan, 2018

Biodiversity, agrobiodiversity, and ecosystem services: The dietary guidelines
support conservation and maintenance of biodiversity and agrobiodiversity as well as
associated ecosystem services.

Costanza et al., 1997; Tilman et al., 2002; Dudgeon et al., 2006; Frison
et al., 2006; Swinton et al., 2007; Johns et al., 2013; Eshel et al., 2014;
Hanes et al., 2018

Sustainable agriculture: The dietary guidelines support sustainable agricultural
practices and sustainable intensification that limit pesticide, herbicide and fertilizer
use.

Tilman et al., 2002, 2011; Sarkar et al., 2017; Lal, 2018; Veltman et al., 2018

Local and seasonal foods: The dietary guidelines support the procurement of
foods that are in season and are local.

Edwards-Jones, 2010; Kremer and Deliberty, 2011; Cleveland et al., 2014;
Macdiarmid, 2014; Esteve-Llorens et al., 2019; Profeta and Hamm, 2019

Clean energy: The dietary guidelines support the use of clean energy and green or
sustainable technologies

Kamat, 2007; Copena and Simón, 2018; Ferrer-Martí et al., 2018;
López-González et al., 2018; Terrapon-Pfaff et al., 2018a,b; Vergé et al.,
2018

Soil, land, and water conservation and protection: The dietary guidelines
support the procurement of food in ways that prevent contamination of soil, land, and
water resources, such as protecting watersheds from pollutants.

Carpenter et al., 1998; Tscharntke et al., 2005; Ruini et al., 2015; Biagini
and Lazzaroni, 2018; Hu et al., 2018; Soteriades et al., 2018; Thorlakson
et al., 2018

Low GHGE and climate resilience: The dietary guidelines support production
methods with relatively low GHG emissions; designing and managing for agricultural
systems for climate change/climate resilience

Lipper et al., 2014; Ruini et al., 2015; Eory et al., 2018; González-García
et al., 2018; Leon and Ishihara, 2018; Singh et al., 2018; Vetter et al., 2018;
Westermann et al., 2018

ECONOMIC DIMENSION
Distribution, supply chains, and transport: The dietary guidelines take into
account food distribution, supply chains, and transport, such as direct sales between
producers and consumers.

Kuo and Chen, 2010; Poppe et al., 2013; Accorsi et al., 2018; Meneghetti
et al., 2018; Stellingwerf et al., 2018

Economic aspects of food security: The dietary guidelines recognize the
importance of having healthy and recommended foods being affordable to overcome
economic barriers of access to safe, nutritious, and desirable foods.

Shreck et al., 2006; Duffey et al., 2010; Carter et al., 2011; Cole and
Tembo, 2011; Galhena et al., 2013; Ward et al., 2013; Jones et al., 2016;
Martin et al., 2016; High Level Panel, 2017; Jessiman-Perreault and
McIntyre, 2017; Dizon and Herforth, 2018

Food loss and waste: The dietary guidelines recommend reducing food waste
across the food system from farm through fork.

Thyberg and Tonjes, 2016; Abdelradi, 2018; Bjørn et al., 2018; Edwards
et al., 2018; Schanes et al., 2018; Schmidt and Matthies, 2018

Food packaging: The dietary guidelines promote reduced food packaging and
recycling.

Khan and Tandon, 2017; Dilkes-Hoffman et al., 2018; Fu et al., 2018;
Sánchez-Safont et al., 2018; Song et al., 2018; Venkatesh et al., 2018

Food system livelihoods: The dietary guidelines promote livelihoods to support
stakeholders in the food system from on farm and throughout food value chains.

Dupuis and Goodman, 2005; Bravo-Ureta et al., 2006; Price and Leviston,
2014; Sulemana and James, 2014; Lalani et al., 2016; van Dijk et al., 2016

Farmers’ markets and local food systems: The dietary guidelines recognize the
importance of local food systems including farmers’ markets, community supported
agriculture (CSA), food cooperatives, and food hubs.

Cone and Myhre, 2000; Hinrichs, 2000; King, 2008; O’Neill, 2014; Forssell
and Lankoski, 2015

Food storage and preparation: The dietary guidelines make recommendations to
avoid resource-intensive food storage of cold chain items and high-energy
preparation, such as the use of a microwave.

Lado and Yousef, 2002; Wood and Newborough, 2003; Canals et al., 2007;
Zanoni and Zavanella, 2012; Lelieveld et al., 2015; Li et al., 2017; van
Holsteijn and Kemna, 2018

Food advertising: The dietary guidelines recognizes the role of food advertising and
marketing on food choices.

Vermeir and Verbeke, 2006; Friedmann, 2007; Dodds et al., 2008; Vogt and
Kaiser, 2008; Magnus et al., 2009; Macrae et al., 2012; Grunert et al.,
2014; Kemps et al., 2014

HUMAN HEALTH DIMENSION
Dietary diversity: The dietary guidelines promote dietary diversity to reduce risk of
nutrient deficiencies.

Kant et al., 1993; Onyango, 2003; Arimond and Ruel, 2004; Mirmiran et al.,
2004; Remans et al., 2014; Berg et al., 2018; Keflie et al., 2018

Regular exercise and physical activity: The dietary guidelines promote physical
activity and movement away from sedentary lifestyles.

Pan et al., 1997; Ussher et al., 2007; Barton et al., 2009; Chodzko-Zajko
et al., 2009; Melzer et al., 2010; Södergren et al., 2012; Barwais et al.,
2013; Tozzi et al., 2016; Edwards and Loprinzi, 2017

Food safety: The dietary guidelines promote food safety to prevent foodborne
illness, contamination, negative health influence of agriculture and diseases linked to
chemicals and pesticide use.

Lee et al., 2001; Antunes et al., 2003; Lin et al., 2009; Moffatt et al., 2011;
Kataoka et al., 2014; Hoelzer et al., 2018; Rivera et al., 2018; van Asselt
et al., 2018

Energy limitation: The dietary guidelines promote the limitation of energy/calorie
consumption and reduce portion sizes to prevent overweight, obesity, and
diet-related non-communicable diseases.

Lowe and Butryn, 2007; Misra et al., 2011; Eyles et al., 2012; Deepika and
Vijayakumar, 2017; Popkin and Reardon, 2018

(Continued)
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TABLE 1 | Continued
Sustainability dimensions and sub-dimensions

References

Ultra-processed food limitation: The dietary guidelines promote the limitation of
ultra-processed foods and food high in added sugars.

Monteiro et al., 2011; Poti et al., 2017; Albuquerque et al., 2018; Juul et al.,
2018; Larrick and Mendelsohn, 2018; Schnabel et al., 2018

Plant-based diet and nutrient-dense foods: The dietary guidelines promote
plant-based diets of nutrient dense foods, such as fruits, vegetables, and legumes to
reduce risk of chronic disease while recommending less consumption of non-lean
meat and processed meat including selecting of other non-meat choices of protein.

Pimentel and Pimentel, 2003; Bach-Faig et al., 2011; Tektonidis et al., 2015;
Kahleova et al., 2018; Salas-Salvadó et al., 2018; Satija and Hu, 2018

Nutrition aspects of food security: The dietary guidelines promote nutrition
aspects of food security including access to sufficient quantity and quality of
nutritious foods to meet dietary needs.

Rose and Richards, 2004; Bodor et al., 2008; Caspi et al., 2012; Gittelsohn
et al., 2012; Barosh et al., 2014

Holistic diets: The dietary guidelines promote a holistic dietary approach of healthy
dietary patterns to meet personal, cultural, and traditional preferences that promote
overall health.

Lee et al., 2002; Burgess et al., 2005; Frison et al., 2006; Kwon et al., 2007;
Johnson-Down and Egeland, 2010

SOCIO-CULTURAL AND POLITICAL DIMENSION
Food consciousness: The dietary guidelines recognizes the role of food
consciousness, consumer knowledge, and education in supporting healthy and
sustainable food choices.

Wilkins, 2005; Fresco, 2009; Mancini et al., 2017; Lazzarini et al., 2018;
Lentz et al., 2018

Consumer preferences: The dietary guidelines recognize variation of food choice
preferences and desirability of different foods on the basis of cultural history and other
socio-cultural factors.

Grunert, 2005; Dawson, 2013; Ellison et al., 2014; Asioli et al., 2017; Kalbar
et al., 2018

Equity issues: The dietary guidelines support equity in the food system including
on-farm, in market, trade, distribution, food service, and policy sectors.

Browne et al., 2000; Maloni and Brown, 2006; Tregear, 2012; Bacon et al.,
2014; Nost, 2014

Food sovereignty: The dietary guidelines support food sovereignty, food rights, food
justice, and empowerment.

Dupraz and Postolle, 2013; Chaifetz and Jagger, 2014; Shinn, 2016;
Steckley, 2016; Leventon and Laudan, 2017; Wittman et al., 2017

Food knowledge and skills: The dietary guidelines recognize variation of
knowledge and skills as related to food cultivation, procurement, purchasing,
planning, and preparation.

Hyland et al., 2006; Larson et al., 2006; Hersch et al., 2014; Utter et al.,
2016; Romani et al., 2018

Food system and cultural values: The dietary guidelines recognize variation of
family, community, and traditional values in the food system.

Kalof et al., 1999; Renzaho et al., 2008; Raymond et al., 2009; D’Sylva and
Beagan, 2011; Banna et al., 2016

Labor: The dietary guidelines support safe labor conditions and standards for
workers in the food system.

New, 2015; Sbicca, 2015; Hendrickson et al., 2018; Mook and Overdevest,
2018; Oya et al., 2018; Staelens et al., 2018

Animal welfare: The dietary guidelines support healthy, comfortable, well-nourished,
and safe conditions for animals raised for livestock.

Edge and Barnett, 2009; Thornton, 2010; Ibarra et al., 2018; Rich et al.,
2018; Sonoda et al., 2018

This framework integrates the four key dimensions of sustainability including the ecological, economic, and socio-cultural/political, and human health dimensions that are each comprised
of eight sub-dimensions of sustainability. We developed this framework by combining the prevalent constructs characterizing sustainable diets and sustainable food systems from a
literature search that were applicable to national dietary guidelines into the sub-dimensions of the four dimensions of sustainability (Supplementary Table 1). We validated the inclusion
of the identified constructs through a primary literature to ensure each construct is supported by evidence (listed in the References below).

United States, Thailand, and St. Vincent and the Grenadines. The
most current dietary guidelines available in 2017 were used for
this study.

Center for Food and Nutrition, 2015). The Nordic Countries
include Denmark, Finland, Iceland, Norway, Sweden, as well
as the Faroe Islands, Greenland, and Aland. Although Sweden
is included in the Nordic Countries’ recommendations, given
that they have their own standalone dietary guidelines they have
been treated separately in Group 1. We assigned each country a
number and used a random number generator to randomly select
six dietary guidelines in the Group 1 category and six countries
from the Group 2 category. A sample size of 12 national dietary
guidelines consisting of six guidelines from Group 1 countries
and six guidelines from Group 2 countries was based on a
feasible number of guidelines to evaluate by the study team while
having relevant power to pilot test the integrative sustainability
framework and the research question regarding variation of
sustainability dimensions between dietary guidelines of Group 1
and Group 2 countries. The randomly selected Group 1 countries
were: Brazil, Qatar, Netherlands, Sweden, the United Kingdom,
and Nordic Countries (Barilla Center for Food and Nutrition,
2015; Monteiro et al., 2015; Seed, 2015). The randomly
selected Group 2 countries were: Grenada, Albania, Australia,

Frontiers in Sustainable Food Systems | www.frontiersin.org

Evaluation of Dietary Guidelines
Two coders applied the sustainability framework tool to score
each dietary guideline in the study. For each of the 32 subdimensions in the sustainability framework (Table 1), the coder
assigned a 0 for the absence of the sub-dimension in the dietary
guidelines and a 1 to indicate the presence of the sub-dimension.
The coder further listed the page number(s) which each subdimension theme was present in national dietary guidelines
as well as highlighted the specific text. Discrepancies between
coders were resolved through discussion and support by a third
coder where each guideline was revisited and the associated text
was discussed.

Data Analysis
We created two scoring indices to evaluate the representation
of sustainability dimensions and sub-dimensions in national
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Variation of Sustainability Dimension
Scores (SDS)

dietary guidelines. Sustainability Dimension Scores (SDS) of
each of the four dimensions of sustainability were calculated as
a percentage by tabulating the total presence of the associated
eight sub-dimensions of sustainability. Total Sustainability
Scores (TSS) were calculated as a percentage by calculating
the presence of the 32 sub-dimensions in each guideline.
JMP (version 13.0 SAS Institute Inc., Cary, NC) was used
for measuring interrater reliability of coded results, statistical
analysis, for and creating graphs. Specifically, Analysis of
Variance (ANOVA) and pairwise comparison tests were
applied to examine differences in means of TSS and SDS
between the sustainability dimensions and between the national
dietary guidelines.

Inter-rater reliability of Total Sustainability Scores (TSS) and
Sustainability Dimension Scores (SDS) indicated high validity
of applying the sustainability framework for national dietary
guidelines. Application of the sustainability framework tool
(Table 1) for presence of sustainability dimensions found
Sustainability Dimension Scores (SDS) varied between the four
sustainability dimensions (Figure 1) with human health being
the most represented dimension in the national dietary guidelines
examined (average SDS score of 83%; range from 50 to 100%).
Overall, results indicate that the ecological (average SDS score
of 31%) economic (average SDS score of 29%; range from
0 to 100%), and socio-cultural and political (average SDS
score of 44%; range of 0–100%) dimensions of sustainability
are underrepresented in national dietary guidelines. Significant
differences (p < 0.0001) were found in means SDS between the
four sustainability dimensions. Pair-wise comparison between
the four sustainability dimensions demonstrates that the mean
SDS of the human health dimension was significantly higher (p <
0.0001) than that of the economic, ecological, and sociocultural
and political dimensions. No significant differences in means
of SDS were found between these latter three sustainability
dimensions (p > 0.05).
For the ecological dimension of sustainability (Figure 2),
the most represented sub-dimensions were local and seasonal
foods (present in 50% of the dietary guidelines) followed
by sustainable agriculture practices and production quality
(each present in 33% of the dietary guidelines). The least
represented sub-dimension for the ecological dimension of
sustainability was clean energy and sustainable technologies
(present in 17% of the dietary guidelines). The SDS for
the ecological dimension of sustainability ranged from 0 to
100% between national dietary guidelines with significant
differences between national dietary guidelines (p < 0.0001);
the dietary guidelines of Brazil (SDS of 100%), Nordic
Countries (88%), Australia (88%), and Sweden (50%) had the
highest scores. Average SDS for the ecological dimension of
sustainability of Group 1 countries that are recognized to
integrate sustainability in dietary guidelines in the literature was
33% and 31% for Group 2 countries; this difference was not
significant (p = 0.94).
For the economic dimension of sustainability (Figure 3), the
most represented sub-dimensions were food advertising (present
in 42% of the dietary guidelines) followed by costs of diets, food
loss and food waste, and food packaging and recycling (each
present in 33% of the dietary guidelines). The least represented
sub-dimension for the economic dimension of sustainability was
distribution, supply chains, and transport (absent in all of the
dietary guidelines). The SDS for the economic dimension of
sustainability ranged from 0 to 100% with significant differences
between national dietary guidelines (p < 0.0001); Australia (SDS
of 100%), Brazil (88%), and Qatar (50%) had the highest scores.
Average SDS for the economic dimension of sustainability of
Group 1 countries was 38 and 23% for Group 2 countries; this
difference was not significant (p > 0.50).

RESULTS
Literature Search Outcomes
A total of 101 articles resulted from the literature search on
sustainable diets, sustainable food systems, and sustainability in
dietary guidelines that were considered suitable by the study
team to examine for attributes to include in the integrative
framework for evaluating dietary guidelines. The resulting
sub-dimensions included in the framework either relate to
those being managed by individuals, such as through dietary
choices, those that relate to systems-level management by
policy makers and institutions, or those that are influenced
by both individual and systems-level management. For the
ecological dimension of sustainability, the sub-dimensions of
production quality and adequate production are managed at the
systems level while food procurement that supports the following
ecological sub-dimensions of sustainability are influenced
by both systems-level and individual choices: biodiversity,
agrobiodiversity, and ecosystem services; sustainable agriculture;
local and seasonal foods; clean energy; low GHGE and climate
resilience. For the economic dimension of sustainability, the
following sub-dimensions are managed at the systems level:
distribution, supply chains, and transport; economic aspects of
food security; food system livelihoods; and food advertising.
Food procurement that supports food loss and waste; food
packaging; farmers’ markets and local food systems; and food
storage and preparation are influenced by both systemslevel and individual choices for the economic dimension of
sustainability. For the human health dimension of sustainability,
the sub-dimensions of food safety as well as nutrition aspects
of food security are managed at the systems scale while
dietary diversity; regular exercise and physical activity; energy
limitation; ultra-processed food limitation; plant-based diets and
nutrient-dense foods; and holistic diets are influenced at both
individual and systems levels. For the sociocultural/political
dimension of sustainability, the attributes of food consciousness,
consumer preferences, and food knowledge and skills are those
related to individual dietary choice while equity issues, food
sovereignty, labor, and animal welfare are those related to
the systems level of policy and institutions. Food systems
and cultural values are influenced by both the individual and
systems levels.
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FIGURE 1 | Variation of sustainability dimension scores (SDS) between ecological, economic, human health, and socio-cultural and political sustainability in national
dietary guidelines. Application of the sustainability framework tool (Table 1) for presence of sustainability dimensions found sustainability dimension scores (SDS)
varied between the four sustainability dimensions with human health being the most represented dimension in the national dietary guidelines examined. Overall, results
indicate that the ecological, economic, and socio-cultural and political dimensions of sustainability are underrepresented in national dietary guidelines. Significant
differences (p < 0.0001) were found in means SDS between the four sustainability dimensions. Pair-wise comparison between the four sustainability dimensions
demonstrates that the mean SDS of the human health dimension was significantly higher (p < 0.0001) than that of the economic, ecological, and sociocultural and
political dimensions. No significant differences in means of SDS were found between these latter three sustainability dimensions (p > 0.05). There were no significant
differences in the SDS for the dimensions of sustainability between Group 1 countries that are recognized in the literature to integrate sustainability in dietary guidelines
compared to Group 2 countries.

For the human health dimension of sustainability (Figure 4),
dietary diversity, ultra-processed food limitation, and plantbased diets were present in all of the dietary guidelines examined.
Regular exercise and physical activity (present in 92% of
the dietary guidelines), energy limitation (92% prevalence),
and holistic diets (75% prevalence) were other prevalent subdimensions of the human health dimension of sustainability.
The least represented sub-dimension for the human health of
sustainability was nutrition aspects of food security related to
food environments (present in 42% of the dietary guidelines).
The SDS for the human health dimension of sustainability
ranged from 50 to 100% without significant differences between
national dietary guidelines (p = 0.06). The dietary guidelines
of Brazil, Australia, and the United States all had the presence
of all human health sustainability sub-dimensions. The other
dietary guidelines examined also had high SDS for the human
health dimension of sustainability including 88% each for Qatar,
Sweden, Nordic Countries, Grenada, Albania, and Thailand.
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Average SDS for the human health dimension of sustainability
of Group 1 countries was 80% and 86% for Group 2 countries;
this difference was not significant (p = 0.59).
For the socio-cultural and political dimension of sustainability
(Figure 5), the most represented sub-dimensions were food
consciousness (present in 83% of the dietary guidelines) followed
by food knowledge and skills and food system and cultural
values (both present in 58% of the dietary guidelines). The
least represented sub-dimension for the socio-cultural and
political dimension of sustainability was labor (present in 17%
of the dietary guidelines). The SDS for the socio-cultural and
political dimension of sustainability ranged from 0 to 100%
with significant differences between national dietary guidelines
(p < 0.0001); Brazil (SDS of 100%), Qatar (88%), and Australia
(88%) had the highest scores. Average SDS socio-cultural and
political dimension of sustainability of Group 1 countries was
58% and 34% for Group 2 countries; this difference was not
significant (p = 0.22).
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FIGURE 2 | Presence of ecological sub-dimensions in national dietary guidelines. This figure demonstrates the presence of the eight sub-dimensions of ecological
sustainability in the 12 national dietary guidelines evaluated in this study.

Variation of Total Sustainability Scores
(TSS)

dimensions of sustainability are underrepresented, with several
exceptions. This finding supports the overarching goal of dietary
guidelines which has been to support human health (Magni
et al., 2017). More recently, dietary guidelines have been
recognized to have the potential to also support the multiple
dimensions of sustainable diets (Garnett, 2014; Donini et al.,
2016; Nelson et al., 2016). However, our findings did not
support the hypothesis that countries that are recognized to
explicitly integrate sustainability into their dietary guidelines
demonstrate greater presence of the ecological, economic, and
socio-cultural and political sustainability sub-dimensions. Policy
makers, researchers, and practitioners can apply the sustainability
framework presented here to analyze existing guidelines with
the view to identifying sustainability gaps and opportunities that
can be addressed in future iterations of the guidelines toward
supporting both human and planetary health.
Advancing an integrative sustainability framework through
national dietary guidelines recognizes the interrelationship of
sustainability challenges and opportunities toward meeting
multiple Sustainable Development Goals (Global Panel, 2017;
Sabbahi et al., 2018; Ahmed and Byker Shanks, 2019). As the
current world population of over 7.6 billion is projected to
notably increase to 9.3 billion by 2050 (Food and Agriculture
Organization, 2009), there is a need for production systems to
supply increased levels of food (Alexandratos and Bruinsma,
2012). The increased production of this food should be
cultivated in ways that support biodiversity and don’t burden
ecosystems (Foley et al., 2011; West et al., 2014) while
mitigating greenhouse gas emissions (Intergovernmental Panel
in Climate Change, 2013; Intergovernmental Panel on Climate
Changes, 2014). Concurrently, this food should be produced,
distributed, and consumed in ways that recognize the importance
of socio-cultural factors in the food system. Inequality in
access is a pressing social challenge facing current diets

Total Sustainability Scores (TSS) varied by dietary guidelines of
the different countries between 12 and 74% with a mean score
of 36% (Figure 6). Brazil had the highest TSS (74%) followed
by Australia (69%). All other dietary guidelines had TSS <50%.
Comparison of Group 1 countries (that are recognized in the
literature to integrate sustainability in dietary guidelines) with
Group 2 countries found that while Group 1 countries overall had
higher TSS (39%) than Group 2 countries (33%), this difference
was not significant (p = 0.59; Figure 7). Of note, Australia was
categorized as a Group 2 country but had the second highest TSS
in this study following Brazil.

DISCUSSION
This study applied and validated a sustainability framework tool
to examine national dietary guidelines based on the ecological,
economic, sociocultural/political, and human health dimensions
of sustainability. The inter-rater reliability of Total Sustainability
Scores (TSS) and Sustainability Dimension Scores (SDS) across
coders highlights the validity of applying the sustainability
framework for evaluating dietary guidelines. Overall, findings
demonstrate notable variation in the presence of the multiple
sub-dimensions of sustainability in national dietary guidelines
of high- and upper-middle income countries with TSS ranging
from 12 to 74% and a mean TSS of 36%. Significant differences
were further found in mean SDS between the ecological,
economic, sociocultural/political, and human health dimensions
of sustainability. For the limited sample size of 12 national dietary
guidelines from high- and upper-middle income countries
analyzed in this study, findings confirm the hypothesis that the
human health dimension of sustainability is well-represented
while the ecological, economic, and socio-cultural and political
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FIGURE 3 | Presence of economic sub-dimensions in national dietary guidelines. This figure demonstrates the presence of the eight sub-dimensions of economic
sustainability in the 12 national dietary guidelines evaluated in this study.

FIGURE 4 | Presence of human health sub-dimensions in national dietary guidelines. This figure demonstrates the presence of the eight sub-dimensions of human
health sustainability in the 12 national dietary guidelines evaluated in this study.

that is directly linked to health disparities among vulnerable
populations including the lowest income and marginalized
groups (Alesina and Glaeser, 2004). Ultimately, taking an
Frontiers in Sustainable Food Systems | www.frontiersin.org

integrative sustainability approach to dietary recommendations
helps support multiple Sustainable Development Goals (SDGs),
such as ending hunger, achieving food security, improving
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FIGURE 5 | Presence of socio-cultural and political sub-dimensions in national dietary guidelines. This figure demonstrates the presence of the eight sub-dimensions
of socio-cultural and political sustainability in the 12 national dietary guidelines evaluated in this study.

nutrition, and promoting sustainable agriculture (SDG 2);
promoting well-being for all (SDG 3); reducing poverty (SDG
1); addressing inequality (SDGs 5 and 10); improved work
and productivity (SDG 8); and addressing consumption, waste,
the effects of climate change, and the use of natural resources
(SDGs 12, 13, 14, and 15) (Sabbahi et al., 2018; Ahmed and
Byker Shanks, 2019). While these SDGs are being prioritized by
international organizations and national governments, they often
compete with each other as well as other societal goals.
Our results regarding the general underrepresentation of the
ecological, economic, and socio-cultural and political dimensions
of sustainability highlight a need to expand the integration of
multiple sub-dimensions of sustainability in national dietary
guidelines while suggesting complexity of managing multiple
dimensions of sustainability (Tuomisto, 2019) including their
tradeoffs. For example, previous research has highlighted that the
global supply of fruits and vegetables is insufficient to meet health
needs based consumption recommendations of national dietary
guidelines (Siegel et al., 2014). Another disconnect between
dietary recommendations to support human health and food
production practices that support environmental health are
recommendations of increased fish consumption; if consumers
were to increase their fish intake to meet current dietary
recommendations, already fragile fish stocks would feel notable
pressure (Jenkins et al., 2009). Many of the sub-dimensions
of the ecological, economic, and socio-cultural dimensions of
sustainability have historically been viewed as being beyond
the remit of dietary guidelines and thus explain the numerous
gaps seen in the prevalence of these dimensions of sustainability
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in this study (Fischer and Garnett, 2016; Medact and Eating
Better Alliance Policy Briefing, 2017). However, as the linkages
between the multiple dimensions of sustainability are recognized
as being crucial to planetary health, there is a need for a paradigm
shift in the way we approach dietary recommendations toward
examining diets within sustainable food systems that support
planetary health (Fischer and Garnett, 2016).
While the human health dimension is overall very wellrepresented in the examined national dietary guidelines, the gap
that can be addressed for modifying future dietary guidelines and
associated programs is the integration of food security and access.
Nutrition aspects of food security linked to food environments
was the only human health sub-dimension prevalent in <50%
of the dietary guidelines examined. Given that the food
environment is a key determinant of healthy diets by shaping
consumer interactions in the food system and subsequent food
purchases based on the availability, affordability, convenience
and desirability of food (Herforth and Ahmed, 2015), dietary
guidelines should incorporate an understanding of how key
aspects of the food environment influence food security, food
access, and diets.
The evaluation of multiple sub-dimensions of sustainability
included in the framework presented here can help identify
possible unintended consequences of implementing specific
recommendations for supporting sustainable diets. Future
research is called for to evaluate the suitability of the
proposed framework for evaluating dietary guidelines of lowincome countries. In advocating for the modification of dietary
guidelines that more comprehensively integrate sustainability,
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FIGURE 6 | Variation of total sustainability dimension scores (TSS) between national dietary guidelines. This figure demonstrates the variation of total sustainability
dimension scores comprised of the 32 sub-dimensions of sustainability in the 12 national dietary guidelines evaluated in this study.

it is important to note the multiple tradeoffs and challenges
that exist which call for modification of national dietary
guidelines on the basis of local contexts. In addition, after
sustainability gaps are identified, the next step is to translate these
recommendations into practice by identifying context-specific
and effective ways of implementing the required changes for food
systems transformation. The 32 sub-dimensions of sustainability
that were included in the framework emphasize management
decisions at various scales of influence that call for associated
interventions and programs at different scales. These scales of
influence range from those at the individual level, such as through
dietary choices to those at the systems level including those
influenced by policy makers and the private sector, as well as
those influenced by multiple scales of management.
In advocating for the modification of dietary guidelines that
more comprehensively integrate sustainability, it is important
to note the multiple challenges that exist. One such challenge
is the contentious nature of sustainability in some sociopolitical contexts. For example, the integration of dimensions
of sustainability has been contentious or considered beyond the
scope of dietary guidelines in the United States and Australia
(Fischer and Garnett, 2016; Medact and Eating Better Alliance
Policy Briefing, 2017). While the development of the 2015–20
Dietary Guidelines for Americans considered taking into account
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sustainability dimensions, sustainability recommendations were
ultimately considered beyond the scope of the guidelines due
to opposition from agriculture departments and vested interest
groups (Medact and Eating Better Alliance Policy Briefing, 2017).
However, as demonstrated in this study, even countries that
do not explicitly indicate the integration of sustainability into
their guidelines, such as Australia can integrate sustainability less
explicitly. While Group 1 countries that are recognized in the
literature to integrate sustainability in their dietary guidelines
had higher SDS for the ecological, economic, and socio-cultural
and political dimensions of sustainability compared to Group 2,
these differences were not significant. In addition, while Brazil,
classified as a Group 1 country in this study had the highest
TSS, there were no significant differences in the TSS between
Group 1 and Group 2 countries. Despite sustainability being
contentious within the Australian national dietary guidelines
context, the Australian guidelines had the second highest overall
Total Sustainability Scores (TSS) in this study following Brazil.
This suggests that countries don’t necessarily need to frame
their guidelines as “sustainable” in order to include key aspects
of sustainability within them. Moreover, those countries that
do frame their guidelines as being “sustainable” may only
focus on a few aspects of sustainability rather than adopting a
more holistic approach. As consumers increasingly expand their
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FIGURE 7 | Variation of total sustainability dimension scores (TSS) of national dietary guidelines between country groupings. This figure demonstrates the variation of
total sustainability dimension scores comprised of the 32 sub-dimensions of sustainability between countries classified as Group 1 (recognized in the literature to
integrate sustainability in dietary guidelines) compared to Group 2. Analysis of variance of TSS between Group 1 and Group 2 found no significant differences.

foods has brought greater benefits for health and reductions in
emissions of greenhouse gases in high-income countries while
being negated at a global level by water use (Springmann et al.,
2018). Thus, strategies are called for to support populations
to consume recommended foods and amounts within the
contextual constraints faced by these populations within a
specific nation. For example, recommendations for adopting
nutritionally balanced, low animal-source food diets that allow
for dietary diversity may be a more equitable approach in
low-income countries (Springmann et al., 2018). As the gap
between the rich and the poor continues to widen in many
countries throughout the world, a more comprehensive approach
to addressing this challenge in dietary guidelines will especially
be necessary.
Another challenge of integrating multiple dimensions of
sustainability in dietary guidelines relates to the number of
government ministries and organizations that influence a
nation’s food system. Although it is often the Ministry of Health
who spearheads the development of national dietary guidelines,
integrating multiple dimensions of sustainability within
guidelines will necessitate the involvement of ministries beyond
health and include multi-sectoral collaborations. Ensuring that
key stakeholders from ministries and sectors influencing food
systems, such as agriculture, trade, etc. are included as part of
the co-development of the guidelines will likely help to increase

literacy and values regarding sustainability, the incorporation of
sustainability in dietary guidelines will likely increase. A national
survey found that 74% of people surveyed in the US agreed
that dietary guidelines should include measures of sustainability
(John Hopkins Center, 2016). One approach of further increasing
sustainability literacy and values is through various curriculum
programs targeted at a range of age groups as well as through
labeling and advertising.
Another challenge of integrating the multiple dimensions of
sustainability in national dietary guidelines is to ensure that
associated recommendations and strategies are context specific
to a given nation (Tuomisto, 2019) and its’ environmental,
economic, and socio-cultural factors (Milner and Green,
2018; Springmann et al., 2018) while being applicable to the
population as a whole. This requires specific plans and programs
associated with the sub-dimensions of sustainability within
dietary recommendations to be context-specific to a nation yet
applicable and modifiable to the broad population of that nation.
For example, recommendations of reducing consumption of
animal-source foods in low-income countries may not be as an
equitable or ethical of an approach as in high-income country
settings because of the prevalence of undernutrition in the
former (Milner and Green, 2018). Implementation of a specific
approach to sustainable diets may have different implications in
different regions (Milner and Green, 2018). Previous research has
shown that substituting animal-source foods with plant-based
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extent. However, both scored the same based on the scoring
system implemented in this study, yet we can assume that
reiterating the importance of a specific sub-dimension multiple
times with substantial supporting evidence or recommendations
would have greater impact on consumers and the development
of supporting programs and policies. Further methodological
development is needed in order to systematically evaluate the
frequency of the presence of specific sub-dimensions in dietary
guidelines. Another limitation of the integrative framework
presented here is the equal prioritization of the ecological,
economic, socio-cultural/political, and human health dimensions
and sub-dimensions of sustainability. Countries implementing
national dietary guidelines may have different priorities and
can modify the proposed framework and its scoring based on
these priorities. Finally, other key limitations of this study were
inclusion of dietary guidelines from only upper-middle and
high-income countries as well as those available in English.
Future analysis of dietary guidelines is called for that applies
the integrative approach presented here to include a more
representative sample inclusive of low- and middle- income
countries as well as in order to identify global patterns and
making broader conclusions toward supporting sustainable
food systems for all. Further cross-cultural comparison across
countries as well as those of different income levels may
result in modification of the proposed integrative framework
as well as prioritization of the different sub-dimensions of
sustainability based on context. The integrative framework and
associated scoring indices of Sustainability Dimension Scores
and Total Sustainability Scores presented here can further be
modified and validated for application for evaluating specific
foods (Supplementary Table 2), diets (Supplementary Table 3),
and food environments (Supplementary Table 4). This would
enable research to evaluate how dietary guidelines of a specific
nation translate into impacting local food environments, food
availability, and diets.

buy-in and improve policy coherence (Milner and Green, 2018;
Tuomisto, 2019).
Identifying sustainability gaps in dietary guidelines is one
step toward enhancing integrating multiple dimensions of
sustainability for transforming food systems. The next step
is to translate national dietary recommendations based on
specific sub-dimensions of sustainability into practice through
programs and plans. These programs and plans should be
context-specific and can vary throughout a nation depending
on ecological, sociocultural, and economic aspects of a place
(Milner and Green, 2018). For example, arable farming may
not be possible in certain areas within a country with cattle
grazing being the most suitable option for food production
(Tuomisto, 2019). Suggestions of primarily plant-based diets
in those areas may compromise environmental, socio-cultural,
health, and economic aspects of sustainability through import of
foods to meet dietary recommendations (Tuomisto, 2019) that
are not aligned with cultural preferences and historical diets.
Programs would be needed in such areas to educate populations
about the about preparation of nutritionally adequate plantbased diets (Tuomisto, 2019).
It is increasingly recognized that enhancing sustainability
in food systems is shared by all players in the food system
and strategies are needed to ensure the long-term commitment
by all concerned parties (Food and Agriculture Organization,
2002). Thus, the development and implementation of programs
and plans to support sub-dimensions of sustainability are to
target different scales of management including individual-level
management, systems-level management by policy makers and
institutions, and a combination of individual and systems-level
management. As consumers can be powerful forces to direct
the market place to provide access to specific foods (Food
and Agriculture Organization, 2002) associated with sustainable
diets, educational efforts are called for to enhance consumer
awareness regarding the sub-dimensions of sustainability that are
influenced at the individual scale. At the systems-level, different
programs and plans are also called for that address the different
scales of food systems including the local, regional, national,
and global.
Future research is called for to build upon the integrative
framework proposed in this study while addressing multiple
limitations of the research presented here. A methodological
limitation of the integrative framework we applied in this
study was that it coded for the presence and absence of
specific sub-dimensions of sustainability and did not evaluate
frequency or high vs. low presence of specific sub-dimensions
within national dietary guidelines. Our experience in coding
indicated notable variation in the frequency of occurrence
of a specific sub-dimension of sustainability between dietary
guidelines. While some guidelines reiterated the importance of a
specific sub-dimension multiple times with extensive supporting
information, other guidelines only once briefly touched upon
the sub-dimension. For example, the dietary guidelines for
Brazil mentioned the importance of procuring seasonal and
local foods on multiple pages and in multiple contexts while
the guidelines of several other countries, such as Grenada
mentioned this sub-dimension of sustainability to a notably lesser
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CONCLUSION
National dietary guidelines are a policy tool that have the
potential to shift consumption patterns in directions that support
multiple dimensions of sustainability in the food system, while
supporting both environmental and human well-being. Given
the pressure that food system processes from production through
consumption and waste are placing on the planet, coupled with
the uncertainty of climate change and variability for food security
of a growing population, it is especially critical for food policies,
such as national dietary guidelines to support sustainability goals.
Effective incorporation of multiple dimensions of sustainability
into dietary guidelines has the potential for food system
transformation that enables consumers to make food choices that
support planetary health.

DATA AVAILABILITY STATEMENT
All datasets generated for this study are included in the
manuscript/Supplementary Files.

13

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

AUTHOR CONTRIBUTIONS

was solely the responsibility of the authors and does not
necessarily represent the official views of the Canadian Institutes
of Health, the United States National Science Foundation, and
the United States National Institutes of Health.

All authors contributed to the study’s concept, design, and
research questions. SA and SD conducted the data analysis,
interpretation, and drafted the manuscript. All authors approved
of the final manuscript.

ACKNOWLEDGMENTS

FUNDING

We were grateful to the Research Associates of the Montana
State University Food and Health Lab who contributed to the
literature search and compilation of data including Erin Smith
and Teresa Warne.

Funding support was provided by the Canadian Institutes
of Health Research Postdoctoral Fellowship Award, the
United States National Science Foundation (NSF EPSCoR
Research Infrastructure Improvement Program Track-2 FEC
1632810), and the United States National Institutes of Health
(through Montana IDeA Network for Biomedical Research
Excellence NIH NIGMS 5P20GM103474-18; and the Center
for American Indian and Rural Health Equity at Montana
State University NIH NIGMS 5P20GM1044-17). The content

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsufs.
2019.00076/full#supplementary-material

REFERENCES

updates. Public Health Nutr. 14, 2274–2284. doi: 10.1017/S13689800110
02515
Bacon, C. M., Sundstrom, W. A., Gómez, M. E. F., Méndez, V. E., Santos,
R., Goldoftas, B., et al. (2014). Explaining the ‘hungry farmer paradox’:
smallholders and fair trade cooperatives navigate seasonality and change in
Nicaragua’s corn and coffee markets. Global Environ. Change 25, 133–149.
doi: 10.1016/j.gloenvcha.2014.02.005
Banna, J., Gilliland, B., Keefe, M., and Zheng, D. (2016). Cross-cultural comparison
of perspectives on healthy eating among Chinese and American undergraduate
students. BMC Public Health 16:1015. doi: 10.1186/s12889-016-3680-y
Barilla Center for Food and Nutrition (2015). Double Pyramid 2015
Recommendations for a Sustainable Diet. Available online at: https://www.
barillacfn.com/m/publications/dp-2015-en.pdf (accessed June 13, 2019).
Barosh, L., Friel, S., Engelhardt, K., and Chan, L. (2014). The cost of a healthy
and sustainable diet–who can afford it? Aust. N. Z. J. Public Health 38, 7–12.
doi: 10.1111/1753-6405.12158
Barton, J., Hine, R., and Pretty, J. (2009). The health benefits of walking in
greenspaces of high natural and heritage value. J. Integrat. Environ. Sci. 6,
261–278. doi: 10.1080/19438150903378425
Barwais, F. A., Cuddihy, T. F., and Tomson, L. M. (2013). Physical activity,
sedentary behavior and total wellness changes among sedentary adults: a
4-week randomized controlled trial. Health Qual. Life Outcomes 11:183.
doi: 10.1186/1477-7525-11-183
Berg, T., Magala-Nyago, C., and Iversen, P. O. (2018). Nutritional status
among adolescent girls in children’s homes: anthropometry and
dietary patterns. Clin. Nutr. 37, 926–933. doi: 10.1016/j.clnu.2017.
03.020
Biagini, D., and Lazzaroni, C. (2018). Eutrophication risk arising from intensive
dairy cattle rearing systems and assessment of the potential effect of mitigation
strategies. Agricul. Ecosyst. Environ. 266, 76–83. doi: 10.1016/j.agee.2018.
07.026
Bjørn, A., Kalbar, P., Nygaard, S. E., Kabins, S., Jensen, C. L., Birkved,
M., et al. (2018). Pursuing necessary reductions in embedded GHG
emissions of developed nations: will efficiency improvements and changes
in consumption get us there? Global Environ. Change 52, 314–324.
doi: 10.1016/j.gloenvcha.2018.08.001
Bodor, J. N., Rose, D., Farley, T. A., Swalm, C., and Scott, S. K. (2008).
Neighbourhood fruit and vegetable availability and consumption: the role of
small food stores in an urban environment. Pub. Health Nutr. 11, 413–420.
doi: 10.1017/S1368980007000493
Boody, G., Vondracek, B., Andow, D. A., Krinke, M., Westra, J., Zimmerman, J.,
et al. (2005). Multifunctional agriculture in the United States. BioScience 55:27.
doi: 10.1641/0006-3568(2005)055[0027:MAITUS]2.0.CO;2

Abdelradi, F. (2018). Food waste behaviour at the household level: a conceptual
framework. Waste Manag. 71, 485–493. doi: 10.1016/j.wasman.2017.10.001
Accorsi, R., Cholette, S., Manzini, R., and Tufano, A. (2018). A hierarchical data
architecture for sustainable food supply chain management and planning. J.
Clean. Product. 203, 1039–1054. doi: 10.1016/j.jclepro.2018.08.275
Ahmed, S., and Byker Shanks, C. (2019). “Supporting sustainable development
goals through sustainable diets,” in Encyclopedia of the UN Sustainable
Development Goals. Good Health and Well-Being, eds W. Leal, T. Wall,
A. M. Azul, L. Brandli, P. G. Özuyar (Springer Nature), 696–708.
doi: 10.1007/978-3-319-69627-0_101-1
Ahmed, S., and Stepp, J. R. (2016). Beyond yields: climate change effects
on specialty crop quality and agroecological management. Elem. Sci. Anth.
4:000092. doi: 10.12952/journal.elementa.000092
Albuquerque, T. G., Santos, J., Silva, M. A., Oliveira, M. Beatriz. P. P., and
Costa, H. S. (2018). An update on processed foods: Relationship between
salt, saturated and trans fatty acids contents. Food Chem. 267, 75–82.
doi: 10.1016/j.foodchem.2018.01.029
Alesina, A., and Glaeser, E. (2004). Fighting Poverty in the US and Europe: A World
of Difference. Oxford, UK: Oxford University Press.
Alexandratos, N., and Bruinsma, J. (2012). World Agriculture Towards 2030/2050:
The 2012 Revision (Rome), 154.
Antunes, P., Réu, C., Sousa, J. C., Peixe, L., and Pestana, N. (2003). Incidence
of Salmonella from poultry products and their susceptibility to antimicrobial
agents. Int. J. Food Microbiol. 82, 97–103. doi: 10.1016/S0168-1605(02)00251-9
Arimond, M., and Ruel, M. T. (2004). Dietary diversity is associated with child
nutritional status: evidence from 11 demographic and health surveys. J. Nutr.
134, 2579–2585. doi: 10.1093/jn/134.10.2579
Asioli, D., Aschemann-Witzel, J., Caputo, V., Vecchio, R., Annunziata, A., Næs,
T., et al. (2017). Making sense of the ‘clean label’ trends: a review of consumer
food choice behavior and discussion of industry implications. Food Res. Int. 99,
58–71. doi: 10.1016/j.foodres.2017.07.022
Avnery, S., Mauzerall, D. L., Liu, J., and Horowitz, L. W. (2011a). Global
crop yield reductions due to surface ozone exposure: 1. Year 2000 crop
production losses and economic damage. Atmos. Environ. 45, 2284–2296.
doi: 10.1016/j.atmosenv.2010.11.045
Avnery, S., Mauzerall, D. L., Liu, J., and Horowitz, L. W. (2011b). Global crop
yield reductions due to surface ozone exposure: 2. Year 2030 potential crop
production losses and economic damage under two scenarios of O3 pollution.
Atmos. Environ. 45, 2297–2309. doi: 10.1016/j.atmosenv.2011.01.002
Bach-Faig, A., Berry, E. M., Lairon, D., Reguant, J., Trichopoulou, A., Dernini,
S., et al. (2011). Mediterranean diet pyramid today. Science and cultural

Frontiers in Sustainable Food Systems | www.frontiersin.org

14

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

U.S. Department of Agriculture, Agricultural Research Service. Available online
at: https://health.gov/dietaryguidelines/2015-scientific-report/ (accessed June
14, 2019).
Dilkes-Hoffman, L. S., Lane, J. L., Grant, T., Pratt, S., Lant, P.A., and
Laycock, B. (2018). Environmental impact of biodegradable food
packaging when considering food waste. J. Clean. Product. 180, 325–334.
doi: 10.1016/j.jclepro.2018.01.169
Dizon, F., and Herforth, A. (2018). The Cost of Nutritious Food in South Asia.
Washington, DC: The World Bank.
Dodds, R. E., Tseëlon, E., and Weitkamp, E. L. C. (2008). Making sense
of scientific claims in advertising. A study of scientifically aware
consumers. Pub. Understand. Sci. 17, 211–230. doi: 10.1177/096366250
6065559
Donini, L. M., Dernini, S., Lairon, D., Serra-Majem, L., Amiot, M. J., Del Balzo,
V., et al. (2016). A consensus proposal for nutritional indicators to assess the
sustainability of a healthy diet: the mediterranean diet as a case study. Front.
Nutr. 3:37. doi: 10.3389/fnut.2016.00037
Downs, S. M., Payne, A., and Fanzo, J. (2017). The development and application
of a sustainable diets framework for policy analysis: a case study of Nepal. Food
Policy 70, 40–49. doi: 10.1016/j.foodpol.2017.05.005
D’Sylva, A., and Beagan, B. (2011). ‘Food is culture, but it’s also power’:
the role of food in ethnic and gender identity construction among Goan
Canadian women. J. Gender Stud. 20, 279–289. doi: 10.1080/09589236.2011.
593326
Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z –I., Knowler,
D. J., Lévêque, C., et al. (2006). Freshwater biodiversity: importance,
threats, status and conservation challenges. Biol. Rev. 81, 163–182.
doi: 10.1017/S1464793105006950
Duffey, K. J., Gordon-Larsen, P., Shikany, J. M., Guilkey, D., Jacobs, D. R.,
and Popkin, B. M. (2010). Food price and diet and health outcomes:
20 years of the CARDIA study. Arch. Intern. Med. 170, 420–426.
doi: 10.1001/archinternmed.2009.545
Dupraz, C. L., and Postolle, A. (2013). Food sovereignty and agricultural trade
policy commitments: how much leeway do West African nations have? Food
Policy 38, 115–125. doi: 10.1016/j.foodpol.2012.11.005
Dupuis, E. M., and Goodman, D. (2005). Should we go ‘home’ to eat?:
toward a reflexive politics of localism. (Report). J. Rural Stud. 21, 359–371.
doi: 10.1016/j.jrurstud.2005.05.011
Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Kadner, S., Minx, J. C., Brunner,
S., et al. (2014). Climate Change 2014: Mitigation of Climate Change Technical
Summary. Available online at: https://www.ipcc.ch/site/assets/uploads/2018/
02/ipcc_wg3_ar5_technical-summary.pdf (accessed June 13, 2019).
Edge, M. K., and Barnett, J. L. (2009). Development of animal welfare standards
for the livestock transport industry: process, challenges, and implementation.
J. Vet. Behav. Clin. Appl. Res. 4, 187–192. doi: 10.1016/j.jveb.2009.
07.001
Edwards, J., Burn, S., Crossin, E., and Othman, M. (2018). Life cycle
costing of municipal food waste management systems: the effect of
environmental externalities and transfer costs using local government case
studies. Resour. Conserv. Recycl. 138, 118–129. doi: 10.1016/j.resconrec.2018.
06.018
Edwards, M. K., and Loprinzi, P. D. (2017). Experimentally increasing sedentary
behavior results in decreased life satisfaction. Health Promot. Perspect 7, 88–94.
doi: 10.15171/hpp.2017.16
Edwards-Jones, G. (2010). Does eating local food reduce the environmental
impact of food production and enhance consumer health? Proc. Nutri. Soc. 69,
582–591. doi: 10.1017/S0029665110002004
Ellison, B., Lusk, J. L., and Davis, D. (2014). The impact of restaurant calorie labels
on food choice: results from a field experiment. Econ. Inquiry 52, 666–681.
doi: 10.1111/ecin.12069
Eory, V., Pellerin, S., Garcia, G. C., Lehtonen, H., Licite, I., Mattila, H., et al.
(2018). Marginal abatement cost curves for agricultural climate policy: stateof-the art, lessons learnt and future potential. J. Clean. Product. 182, 705–716.
doi: 10.1016/j.jclepro.2018.01.252
Eshel, G., Shepon, A., Makov, T., and Milo, R. (2014). Land, irrigation water,
greenhouse gas, and reactive nitrogen burdens of meat, eggs, and dairy
production in the United States. Proc. Natl. Acad. Sci.U.S.A. 111, 11996–12001.
doi: 10.1073/pnas.1402183111

Bravo-Ureta, B. E., Solís, D., Cocchi, H., and Quiroga, R. E. (2006).
The impact of soil conservation and output diversification on farm
income in Central American hillside farming. Agricult. Econ. 35, 267–276.
doi: 10.1111/j.1574-0862.2006.00161.x
Browne, A. W., Harris, P. J. C., Hofny-Collins, A. H., Pasiecznik, N., and Wallace,
R. R. (2000). Organic production and ethical trade: definition, practice and
links. Food Policy 25, 69–89. doi: 10.1016/S0306-9192(99)00075-5
Burgess, C. P., Johnston, F. H., Bowman, D. M. J. S., and Whitehead, P. J.
(2005). Healthy country: healthy people? Exploring the health benefits of
indigenous natural resource management. Aust. N. Z. J. Pub. Health 29,
117–122. doi: 10.1111/j.1467-842X.2005.tb00060.x
Burlingame, B. (2012). “Sustainable diets and biodiversity - Directions and
solutions for policy research and action,” in Proceedings of the International
Scientific Symposium Biodiversity and Sustainable Diets United Against
Hunger (Rome: FAO).
Campbell, B. M., Vermeulen, S. J., Aggarwal, P. K., Corner-Dolloff, C., Girvetz, E.,
Loboguerrero, A. M., et al. (2016). Reducing risks to food security from climate
change. Global Food Secur. 11, 34–43. doi: 10.1016/j.gfs.2016.06.002
Canals, L. M., Cowell, S., Sim, S., and Basson, L. (2007). Comparing domestic
versus imported apples: a focus on energy use. Environ. Sci. Pollut. Res. 14,
338–344. doi: 10.1065/espr2007.04.412
Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W., Sharpley,
A. N., and Smith, V. H. (1998). Nonpoint pollution of surface waters
with phosphorus and nitrogen. Issues Ecol. 8:559–568. doi: 10.1890/10510761(1998)008[0559:NPOSWW]2.0.CO;2
Carter, K. N., Kruse, K., Blakely, T., and Collings, S. (2011). The association of food
security with psychological distress in New Zealand and any gender differences.
Soc. Sci. Med. 72, 1463–1471. doi: 10.1016/j.socscimed.2011.03.009
Caspi, C. E., Sorensen, G., Subramanian, S. V., and Kawachi, I. (2012). The local
food environment and diet: a systematic review. Health Place 18, 1172–1187.
doi: 10.1016/j.healthplace.2012.05.006
Chaifetz, A., and Jagger, P. (2014). 40 Years of dialogue on food
sovereignty: a review and a look ahead. Global Food Secur. 3, 85–91.
doi: 10.1016/j.gfs.2014.04.002
Chodzko-Zajko, W. J., Proctor, D. N., Singh, M. A. F., Minson, C. T., Nigg,
C. R., Salem, G. J., et al. (2009). Exercise and physical activity for older
adults: medicine and science in sports and exercise. Kinesiology 41, 1510–1530.
doi: 10.1249/MSS.0b013e3181a0c95c
Cleveland, D. A., Müller, N. M., Tranovich, A. C., Mazaroli, D. N., and
Hinson, K. (2014). Local food hubs for alternative food systems: a case
study from Santa Barbara County, California. J. Rural Stud. 35, 26–36.
doi: 10.1016/j.jrurstud.2014.03.008
Cole, S. M., and Tembo, G. (2011). The effect of food insecurity on mental
health: Panel evidence from rural Zambia. Soc. Sci. Med. 73, 1071–1079.
doi: 10.1016/j.socscimed.2011.07.012
Cone, C. A., and Myhre, A. (2000). Community-supported agriculture:
a sustainable alternative to industrial agriculture? (food and power:
case studies in industrial agriculture and its alternatives in the
United States) (statistical data included). Human Org. 59, 187–197.
doi: 10.17730/humo.59.2.715203t206g2j153
Copena, D., and Simón, X. (2018). Wind farms and payments to landowners:
opportunities for rural development for the case of Galicia. Renew. Sustain.
Energy Rev. 95, 38–47. doi: 10.1016/j.rser.2018.06.043
Costanza, R., d’Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., et al.
(1997). The value of the world’s ecosystem services and natural capital. Nature
387, 253–260. doi: 10.1038/387253a0
Dawson, J. (2013). Retailer activity in shaping food choice. Food Qual. Prefere. 28,
339–347. doi: 10.1016/j.foodqual.2012.09.012
Deckelbaum, R. J., Palm, C., Mutuo, P., and DeClerck, F. (2006). Econutrition:
implementation models from the millennium villages project in Africa. Food
Nutri. Bull. 27, 335–342. doi: 10.1177/156482650602700408
Deepika, V., and Vijayakumar, R. (2017). Impact of body mass index on arterial
stiffness in young prehypertensives: a cross sectional study. J. Res. Health
Sci. 18:e00402. Available online at: http://jrhs.umsha.ac.ir/index.php/JRHS/
article/view/3565/
Dietary Guidelines Advisory Committee (2015). Scientific Report of the 2015
Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of
Health and Human Services and the Secretary of Agriculture. Washington, DC:

Frontiers in Sustainable Food Systems | www.frontiersin.org

15

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

González-García, S., Esteve-Llorens, X., Moreira, M. T., and Feijoo, G. (2018).
Carbon footprint and nutritional quality of different human dietary choices.
Sci. Total Environ. 644, 77–94. doi: 10.1016/j.scitotenv.2018.06.339
Govindan, K. (2018). Sustainable consumption and production in the food
supply chain: a conceptual framework. Int. J. Product. Econ. 195, 419–431.
doi: 10.1016/j.ijpe.2017.03.003
Graham, R. D., Welch, R. M., and Bouis, H. E. (2001). Addressing micronutrient
malnutrition through enhancing the nutritional quality of staple foods:
principles, perspectives and knowledge gaps. Adv. Agron. 70, 77–142.
doi: 10.1016/S0065-2113(01)70004-1
Grunert, K. G. (2005). Food quality and safety: consumer perception and demand.
Euro. Rev. Agricult. Econ. 32, 369–391. doi: 10.1093/eurrag/jbi011
Grunert, K. G., Hieke, S., and Wills, J. (2014). Sustainability labels on food
products: Consumer motivation, understanding and use. Food Policy 44,
177–189. doi: 10.1016/j.foodpol.2013.12.001
Gussow, J. D., and Clancy, K. L. (1986). Dietary guidelines for sustainability. J.
Nutri. Edu. 18, 1–5. doi: 10.1016/S0022-3182(86)80255-2
Hallström, E., Davis, J., Woodhouse, A., and Sonesson, U. (2018). Using dietary
quality scores to assess sustainability of food products and human diets: a
systematic review. Ecol. Indicat. 93, 219–230. doi: 10.1016/j.ecolind.2018.04.071
Hanes, R. J., Gopalakrishnan, V., and Bakshi, B. R. (2018). Including
nature in the food-energy-water nexus can improve sustainability
across multiple ecosystem services. Res. Conserv. Recycl. 137, 214–228.
doi: 10.1016/j.resconrec.2018.06.003
Havstad, K. M., Peters, D. P.C., Skaggs, R., Brown, C., Bestelmeyer, B., Fredrickson,
E., et al. (2007). Ecological services to and from rangelands of the United States.
Ecol. Econ. 64, 261–268. doi: 10.1016/j.ecolecon.2007.08.005
He, P., Baiocchi, G., Hubacek, K., Feng, K., and Yu, Y. (2018). The environmental
impacts of rapidly changing diets and their nutritional quality in China. Nat.
Sustain. 1, 122–127. doi: 10.1038/s41893-018-0035-y
Hendrickson, M. K., James, H. S., Kendall, A., and Sanders, C. (2018).
The assessment of fairness in agricultural markets. Geoforum 96, 41–50.
doi: 10.1016/j.geoforum.2018.07.020
Herforth, A., and Ahmed, S. (2015). The food environment, its effects on dietary
consumption, and potential for measurement within agriculture-nutrition
interventions. Food Sec. 7, 505–520. doi: 10.1007/s12571-015-0455-8
Herforth, A., Ahmed, S., DeClerck, F., Fanzo, J., and Remans, R. (2017). UNSCNNews42-2017.pdf. Available online at: https://www.unscn.org/uploads/web/
news/UNSCN-News42-2017.pdf (accessed June 14, 2019).
Hersch, D., Perdue, L., Ambroz, T., and Boucher, J. L. (2014). The impact of
cooking classes on food-related preferences, attitudes, and behaviors of schoolaged children: a systematic review of the evidence, 2003–2014. Prevent. Chronic
Dis. 11:E193. doi: 10.5888/pcd11.140267
High Level Panel (2017). Report of the High Level Panel on the Assessment of Key
Legislation and the Acceleration of Fundamental Change. Available online at:
https://www.parliament.gov.za/storage/app/media/Pages/2017/october/High_
Level_Panel/HLP_Report/HLP_report.pdf (accessed June 14, 2019).
Hinrichs, C. (2000). Embeddedness and local food systems: notes on
two types of direct agricultural market. J. Rural Studies 16, 295–303.
doi: 10.1016/S0743-0167(99)00063-7
Hoelzer, K., Moreno Switt, A. I., Wiedmann, M., and Boor, K. J. (2018). Emerging
needs and opportunities in foodborne disease detection and prevention: from
tools to people. Food Microbiol. 75, 65–71. doi: 10.1016/j.fm.2017.07.006
Horrigan, L., Lawrence, R. S., and Walker, P. (2002). How sustainable agriculture
can address the environmental and human health harms of industrial
agriculture. Environ. Health Perspect. 110, 445–456. doi: 10.1289/ehp.02110445
Hu, Y., Huang, Y., Tang, J., Gao, B., Yang, M., Meng, F., et al. (2018). Evaluating
agricultural grey water footprint with modeled nitrogen emission data. Res.
Conserv. Recycl. 138, 64–73. doi: 10.1016/j.resconrec.2018.04.020
Hunter, D., Foster, M., McArthur, J.O., Ojha, R., Petocz, P., and Samman, S.
(2011). Evaluation of the micronutrient composition of plant foods produced
by organic and conventional agricultural methods. Crit. Rev. Food Sci. Nutr. 51,
571–582. doi: 10.1080/10408391003721701
Hyland, R., Stacy, R., Adamson, A., and Moynihan, P. (2006). Nutrition-related
health promotion through an after-school project: the responses of children and
their families. Soc. Sci. Med. 62, 758–768. doi: 10.1016/j.socscimed.2005.06.032
Ibarra, R., Rich, K. M., Adasme, M., Kamp, A., Singer, R. S., Atlagich,
M., et al. (2018). Animal production, animal health and food safety:

Esteve-Llorens, X., Darriba, C., Moreira, M. T., Feijoo, G., and González-García,
S. (2019). Towards an environmentally sustainable and healthy Atlantic dietary
pattern: life cycle carbon footprint and nutritional quality. Sci. Total Environ.
646, 704–715. doi: 10.1016/j.scitotenv.2018.07.264
Ewert, F., Rounsevell, M. D. A., Reginster, I., Metzger, M. J., and Leemans, R.
(2005). Future scenarios of European agricultural land use. Agricult. Ecosyst.
Environ. 107, 101–116. doi: 10.1016/j.agee.2004.12.003
Eyles, H., Ni Mhurchu, C., Nghiem, N., and Blakely, T. (2012). Food
pricing strategies, population diets, and non-communicable disease:
a systematic review of simulation studies. PLoS Med 9:e1001353.
doi: 10.1371/journal.pmed.1001353
Fanzo, J. C., Downs, S., Marshall, Q. E., de Pee, S., and Bloem, M. W. (2017).
“Value chain focus on food and nutrition security,” in Nutrition and Health in
a Developing World, eds S. de Pee, D. Taren, and M. W. Bloem (New York, NY:
Springer International Publishing), 753–770.
Ferrer-Martí, L., Ferrer, I., Sánchez, E., and Garfí, M. (2018). A multi-criteria
decision support tool for the assessment of household biogas digester
programmes in rural areas. A case study in Peru. Renew. Sustain. Energy Rev.
95, 74–83. doi: 10.1016/j.rser.2018.06.064
Fischer, C. G., and Garnett, T. (2016). Food and Agriculture Organization
of the United Nations, University of Oxford and Food Climate Research
Network. Plates, Pyramids, and Planets: Developments in National Healthy and
Sustainable Dietary Guidelines: A State of Play Assessment (Oxford).
Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston,
M., et al. (2011). Solutions for a cultivated planet. Nature 478, 337–342.
doi: 10.1038/nature10452
Food and Agriculture Organization (2002). Safe Food and Nutritious Diet
for the Consumer. Available online at: http://www.fao.org/worldfoodsummit/
sideevents/papers/y6656e.htm (accessed July 29, 2019).
Food and Agriculture Organization (2009). How to Feed the World in 2050.
Available online at: http://www.fao.org/fileadmin/templates/wsfs/docs/expert_
paper/How_to_Feed_the_World_in_2050.pdf (accessed June 14, 2019).
Forssell, S., and Lankoski, L. (2015). The sustainability promise of alternative
food networks: an examination through “alternative” characteristics. Agricult.
Human Values 32, 63–75. doi: 10.1007/s10460-014-9516-4
Fresco, L. O. (2009). Challenges for food system adaptation today and
tomorrow. Environ. Sci. Policy 12, 378–385. doi: 10.1016/j.envsci.2008.
11.001
Friedmann, H. (2007). Scaling up: bringing public institutions and food service
corporations into the project for a local, sustainable food system in Ontario.
Agricult. Human Values 24, 389–398. doi: 10.1007/s10460-006-9040-2
Frison, E. A., Smith, I. F., Johns, T., Cherfas, J., and Eyzaguirre, P. B. (2006).
Agricultural biodiversity, nutrition, and health: making a difference to hunger
and nutrition in the developing world. Food Nutr. Bull. 27, 167–179.
doi: 10.1177/156482650602700208
Fu, H.-Z., Fang, K., and Fang, C.-L. (2018). Characteristics of scientific
impact of resources conservation and recycling in the past 30 years.
Resour. Conserv. Recycl. 137, 251–259. doi: 10.1016/j.resconrec.2018.
06.021
Galhena, D. H., Freed, R., and Maredia, K. M. (2013). Home gardens: a promising
approach to enhance household food security and wellbeing. Agricult. Food
Secur. 2:7. doi: 10.1186/2048-7010-2-8
Garnett (2014). What is a Sustainable Diet? Available online at: https://www.fcrn.
org.uk/sites/default/files/fcrn_what_is_a_sustainable_healthy_diet_final.pdf
(accessed June 13, 2019).
Garnett, T. (2011). Where are the best opportunities for reducing greenhouse
gas emissions in the food system (including the food chain)? Food Policy 36,
S23–S32. doi: 10.1016/j.foodpol.2010.10.010
Gittelsohn, J., Rowan, M., and Gadhoke, P. (2012). Interventions in small
food stores to change the food environment, improve diet, and reduce
risk of chronic disease. Prev. Chronic. Dis. 9:E59. doi: 10.5888/pcd9.1
10015
Global Panel (2017). Global Panel at the Global Nutrition Summit 2017. Global
Panel. Available online at: https://www.glopan.org/news/global-panel-at-theglobal-nutrition-summit-2017/ (accessed June 14, 2019).
Gomiero, T., Pimentel, D., and Paoletti, M. G. (2011). Is there a need
for a more sustainable agriculture? Critical Rev. Plant Sci. 30, 6–23.
doi: 10.1080/07352689.2011.553515

Frontiers in Sustainable Food Systems | www.frontiersin.org

16

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

King, C. A. (2008). Community resilience and contemporary agri-ecological
systems: reconnecting people and food, and people with people. Syst. Res.
Behav. Sci. 25, 111–124. doi: 10.1002/sres.854
Kremer, P., and Deliberty, T. L. (2011). Local food practices and growing
potential: Mapping the case of Philadelphia. Appl. Geography 31, 1252–1261.
doi: 10.1016/j.apgeog.2011.01.007
Kuo, J.-C., and Chen, M.-C. (2010). Developing an advanced multi-temperature
joint distribution system for the food cold chain. Food Control 21, 559–566.
doi: 10.1016/j.foodcont.2009.08.007
Kwon, Y.-I., Apostolidis, E., Kim, Y.-C., and Shetty, K. (2007). Health
benefits of traditional corn, beans, and pumpkin: in vitro studies for
hyperglycemia and hypertension management. J. Med. Food 10, 266–275.
doi: 10.1089/jmf.2006.234
Lado, B. H., and Yousef, A. E. (2002). Alternative food-preservation
technologies: efficacy and mechanisms. Microbes Infect. 4, 433–440.
doi: 10.1016/S1286-4579(02)01557-5
Lal, R. (2018). Sustainable intensification of China’s agroecosystems
by conservation agriculture. Int. Soil Water Conserv. Res. 6, 1–12.
doi: 10.1016/j.iswcr.2017.11.001
Lalani, B., Dorward, P., Holloway, G., and Wauters, E. (2016). Smallholder
farmers’ motivations for using conservation agriculture and the roles of
yield, labour and soil fertility in decision making. Agricult. Syst. 146, 80–90.
doi: 10.1016/j.agsy.2016.04.002
Larrick, J. W., and Mendelsohn, A. R. (2018). Finally a regimen to extend human
life expectancy. Rejuvenation Res. 21, 278–282. doi: 10.1089/rej.2018.2088
Larson, N. I., Perry, C. L., Story, M., and Neumark-Sztainer, D. (2006). Food
preparation by young adults is associated with better diet quality. J. Am. Dietetic
Assoc. 106, 2001–2007. doi: 10.1016/j.jada.2006.09.008
Lazzarini, G. A., Visschers, V. H. M., and Siegrist, M. (2018). How to improve
consumers’ environmental sustainability judgements of foods. J. Clean.
Product. 198, 564–574. doi: 10.1016/j.jclepro.2018.07.033
Lee, M.-J., Popkin, B. M., and Kim, S. (2002). The unique aspects of the
nutrition transition in South Korea: the retention of healthful elements in their
traditional diet. Public Health Nutr. 5, 197–203. doi: 10.1079/PHN2001294
Lee, M. H., Lee, H. J., and Ryu, P. D. (2001). Public health risks: chemical and
antibiotic residues - review -. AAJA. Sci. 14, 402–413. doi: 10.5713/ajas.2001.402
Lelieveld, J., Evans, J. S., Fnais, M., Giannadaki, D., and Pozzer, A. (2015). The
contribution of outdoor air pollution sources to premature mortality on a
global scale. Nature 525, 367–371. doi: 10.1038/nature15371
Lentz, G., Connelly, S., Mirosa, M., and Jowett, T. (2018). Gauging attitudes and
behaviours: Meat consumption and potential reduction. Appetite 127, 230–241.
doi: 10.1016/j.appet.2018.04.015
Leon, A., and Ishihara, K. N. (2018). Influence of allocation methods on the LCCO2 emission of an agrivoltaic system. Resour. Conserv. Recycl. 138, 110–117.
doi: 10.1016/j.resconrec.2018.06.017
Leventon, J., and Laudan, J. (2017). Local food sovereignty for global
food security? highlighting interplay challenges. Geoforum 85, 23–26.
doi: 10.1016/j.geoforum.2017.07.002
Levidow, L., and Psarikidou, K. (2011). Food relocalization for environmental
sustainability in Cumbria. Sustainability 3, 692–719. doi: 10.3390/su3040692
Li, X., Campana, P. E., Li, H., Yan, J., and Zhu, K. (2017). Energy
storage systems for refrigerated warehouses. Energy Procedia 143, 94–99.
doi: 10.1016/j.egypro.2017.12.653
Lin, A. Y.-C., Huang, S. T.-Y., and Wahlqvist, M. L. (2009). Waste management
to improve food safety and security for health advancement. Asia Pac. J. Clin.
Nutr. 18, 538–545.
Lipper, L., Thornton, P., Campbell, B. M., Baedeker, T., Braimoh, A., Bwalya, M.,
et al. (2014). Climate-smart agriculture for food security. Nat. Clim. Change 4,
1068–1072. doi: 10.1038/nclimate2437
López-González, A., Domenech, B., and Ferrer-Martí, L. (2018). Formative
evaluation of sustainability in rural electrification programs from a
management perspective: a case study from Venezuela. Renew. Sustain.
Energy Rev. 95, 95–109. doi: 10.1016/j.rser.2018.07.024
Lowe, M. R., and Butryn, M. L. (2007). Hedonic hunger: a new dimension of
appetite? Physiol. Behav. 91, 432–439. doi: 10.1016/j.physbeh.2007.04.006
Macdiarmid, J. I. (2014). Seasonality and dietary requirements: will eating seasonal
food contribute to health and environmental sustainability? Proc. Nutr. Soc. 73,
368–375. doi: 10.1017/S0029665113003753

gaps and challenges in the chilean industry. Food Microbiol. 75, 114–118.
doi: 10.1016/j.fm.2017.10.004
Intergovernmental Panel in Climate Change (2013). AR5 Climate Change 2013:
The Physical Science Basis. Geneva: IPCC.
Intergovernmental Panel on Climate Changes (2014). AR5 Climate Change 2014:
Mitigation of Climate Change. Geneva: IPCC.
Jenkins, D. J., Sievenpiper, J. L., Pauly, D., Sumaila, U. R., Kendall, C. W., and
Mowat, F. M. (2009). Are dietary recommendations for the use of fish oils
sustainable? CMAJ 180, 633–637. doi: 10.1503/cmaj.081274
Jessiman-Perreault, G., and McIntyre, L. (2017). The household food
insecurity gradient and potential reductions in adverse population mental
health outcomes in Canadian adults. SSM Populat. Health 3, 464–472.
doi: 10.1016/j.ssmph.2017.05.013
John Hopkins Center (2016). John Hopkins Center for a Livable Future. The
Emergence of the Food Voter. Available online at: https://www.jhsph.edu/
research/centers-and-institutes/johns-hopkins-center-for-a-livable-future/_
pdf/briefs/data/food-voter.pdf (accessed June 13, 2019).
Johns, T., Powell, B., Maundu, P., and Eyzaguirre, P. B. (2013). Agricultural
biodiversity as a link between traditional food systems and contemporary
development, social integrity and ecological health. J. Sci. Food Agricult. 93,
3433–3442. doi: 10.1002/jsfa.6351
Johnson-Down, L., and Egeland, G. M. (2010). Adequate nutrient intakes are
associated with traditional food consumption in nunavut inuit children aged
3-5 years. J. Nutr. 140, 1311–1316. doi: 10.3945/jn.109.117887
Johnston, J. L., Fanzo, J. C., and Cogill, B. (2014). Understanding sustainable diets:
a descriptive analysis of the determinants and processes that influence diets
and their impact on health, food security, and environmental sustainability123.
Adv. Nutr. 5, 418–429. doi: 10.3945/an.113.005553
Jones, A.D., Hoey, L., Blesh, J., Miller, L., Green, A., and Shapiro, L.F. (2016).
A systematic review of the measurement of sustainable diets. Adv. Nutr. 7,
641–664. doi: 10.3945/an.115.011015
Juul, F., Martinez-Steele, E., Parekh, N., Monteiro, C. A., and Chang, V. W. (2018).
Ultra-processed food consumption and excess weight among US adults. Br. J.
Nutr. 120, 90–100. doi: 10.1017/S0007114518001046
Kahleova, H., Levin, S., and Barnard, N. D. (2018). Vegetarian dietary
patterns and cardiovascular disease. Prog. Cardiovasc. Dis. 61, 54–61.
doi: 10.1016/j.pcad.2018.05.002
Kalbar, P. P., Birkved, M., Hauschild, M., Kabins, S., and Nygaard, S. E. (2018).
Environmental impact of urban consumption patterns: drivers and focus
points. Res. Conserv. Recycl. 137, 260–269. doi: 10.1016/j.resconrec.2018.06.019
Kalof, L., Dietz, T., Stern, P. C., and Guagnano, G. A. (1999). Social psychological
and structural influences on vegetarian beliefs. Rural. Sociol. 64, 500–511.
doi: 10.1111/j.1549-0831.1999.tb00364.x
Kamat, P. V. (2007). Meeting the clean energy demand: nanostructure
architectures for solar energy conversion. J. Phys. Chem. C 111, 2834–2860.
doi: 10.1021/jp066952u
Kant, A. K., Schatzkin, A., Harris, T. B., Ziegler, R. G., and Block, G. (1993).
Dietary diversity and subsequent mortality in the first national health and
nutrition examination survey epidemiologic follow-up study. Am. J. Clin. Nutr.
57, 434–440. doi: 10.1093/ajcn/57.3.434
Kataoka, A. I., Enache, E., Black, D. G., Elliott, P. H., Napier, C. D., Podolak,
R., et al. (2014). Survival of Salmonella Tennessee, Salmonella Typhimurium
DT104, and Enterococcus faecium in peanut paste formulations at two
different levels of water activity and fat. J. Food Prot. 77, 1252–1259.
doi: 10.4315/0362-028X.JFP-13-553
Keflie, T. S., Samuel, A., Lambert, C., Nohr, D., and Biesalski, H. K. (2018).
Dietary patterns and risk of micronutrient deficiencies: their implication for
nutritional intervention in Ethiopia. Jnhfs 6, 1–16. doi: 10.15226/jnhfs.2018.
001120
Kemps, E., Tiggemann, M., and Hollitt, S. (2014). Exposure to television
food advertising primes food-related cognitions and triggers motivation
to eat. Psychol. Health 29, 1–27. doi: 10.1080/08870446.2014.9
18267
Khan, A., and Tandon, P. (2017). “Closing the Loop: ‘Systems perspective’
for the design of food packaging to facilitate material recovery,”. in
Research into Design for Communities, Volume 2, eds A. Chakrabarti, and
D. Chakrabarti (Singapore: Springer), 349–359. doi: 10.1007/978-981-10-3
521-0_30

Frontiers in Sustainable Food Systems | www.frontiersin.org

17

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

Nelson, E., Mendoza, G., Regetz, J., Polasky, S., Tallis, H., Cameron, D.,
et al. (2009). Modeling multiple ecosystem services, biodiversity conservation,
commodity production, and tradeoffs at landscape scales. Front. Ecol. Environ.
7, 4–11. doi: 10.1890/080023
Nelson, M.E., Hamm, M.W., Hu, F.B., Abrams, S., and Griffin, T.S. (2016).
Alignment of healthy dietary patterns and environmental sustainability: a
systematic review. Adv. Nutri. 7, 1005–1025. doi: 10.3945/an.116.012567
New, S. J. (2015). Modern slavery and the supply chain: the limits of
corporate social responsibility? Supply Chain Manage. 20, 697–707.
doi: 10.1108/SCM-06-2015-0201
Nost, E. (2014). Scaling-up local foods: commodity practice in
community supported agriculture (CSA). J. Rural Studies 34, 152–160.
doi: 10.1016/j.jrurstud.2014.01.001
O’Neill, K. J. (2014). Situating the ‘alternative’ within the ‘conventional’ – local food
experiences from the East Riding of Yorkshire, UK. J. Rural Stud. 35, 112–122.
doi: 10.1016/j.jrurstud.2014.04.008
Onyango, A. W. (2003). Dietary diversity, child nutrition and health in
contemporary African communities. Comp. Biochem. Physiol. Part A Mol.
Integr. Physiol. 136, 61–69. doi: 10.1016/S1095-6433(03)00071-0
Oya, C., Schaefer, F., and Skalidou, D. (2018). The effectiveness of agricultural
certification in developing countries: a systematic review. World Develop. 112,
282–312. doi: 10.1016/j.worlddev.2018.08.001
Pan, X.-R., Li, G. W., Hu, Y. H., Wang, J. X., Yang, W. Y., An, Z. X. et al. (1997).
Effects of diet and exercise in preventing NIDDM in people with impaired
glucose tolerance: the Da Qing IGT and diabetes study. Diabetes Care 20,
537–544. doi: 10.2337/diacare.20.4.537
Pimentel, D., and Pimentel, M. (2003). Sustainability of meat-based and plantbased diets and the environment. Am. J. Clin. Nutr. 78, 660S−663S.
doi: 10.1093/ajcn/78.3.660S
Popkin, B. M., and Reardon, T. (2018). Obesity and the food system transformation
in Latin America. Obes. Rev. 19, 1028–1064. doi: 10.1111/obr.12694
Poppe, K. J., Wolfert, S., Verdouw, C., and Verwaart, T. (2013). Information
and communication technology as a driver for change in agri-food
chains, La technologie de l’information et de la communication comme
moteur du changement dans les filières agroalimentaires, Informationsund Kommunikationstechnik als Triebfeder für Veränderung in den
Wertschöpfungsketten der Agrar- und Ernährungswirtschaft. EuroChoices 12,
60–65. doi: 10.1111/1746-692X.12022
Poti, J. M., Braga, B., and Qin, B. (2017). Ultra-processed food intake and obesity:
what really matters for health-processing or nutrient content? Curr. Obes. Rep.
6, 420–431. doi: 10.1007/s13679-017-0285-4
Price, J. C., and Leviston, Z. (2014). Predicting pro-environmental agricultural
practices: the social, psychological and contextual influences on land
management. J. Rural Studies 34, 65–78. doi: 10.1016/j.jrurstud.2013.10.001
Profeta, A., and Hamm, U. (2019). Do consumers prefer local animal products
produced with local feed? results from a discrete-choice experiment. Food Qual
Prefere. 71, 217–227. doi: 10.1016/j.foodqual.2018.07.007
Raymond, C. M., Bryan, B. A., MacDonald, D. H., Cast, A., Strathearn,
S., Grandgirard, A., et al. (2009). Mapping community values for
natural capital and ecosystem services. Ecol. Econ. 68, 1301–1315.
doi: 10.1016/j.ecolecon.2008.12.006
Remans, R., Wood, S. A., Saha, N., Anderman, T. L., and DeFries, R. S. (2014).
Measuring nutritional diversity of national food supplies. Global Food Security
3, 174–182. doi: 10.1016/j.gfs.2014.07.001
Renzaho, A. M. N., Swinburn, B., and Burns, C. (2008). Maintenance of traditional
cultural orientation is associated with lower rates of obesity and sedentary
behaviours among African migrant children to Australia. Int. J. Obesity 32,
594–600. doi: 10.1038/ijo.2008.2
Rich, K. M., Dizyee, K., Nguyen, T. H., Duong, N. H., Pham, V. H., Nguyen, T. N.,
et al. (2018). Quantitative value chain approaches for animal health and food
safety. Food Microbiol. 75, 103–113. doi: 10.1016/j.fm.2017.09.018
Rich, K. M., Ross, R. B., Baker, A. D., and Negassa, A. (2011). Quantifying value
chain analysis in the context of livestock systems in developing countries. Food
Policy 36, 214–222. doi: 10.1016/j.foodpol.2010.11.018
Rivera, D., Toledo, V., Reyes-Jara, A., Navarrete, P., Tamplin, M., Kimura, B., et al.
(2018). Approaches to empower the implementation of new tools to detect and
prevent foodborne pathogens in food processing. Food Microbiol. 75, 126–132.
doi: 10.1016/j.fm.2017.07.009

Macrae, R., Szabo, M., Anderson, K., Louden, F., and Trillo, S. (2012). Empowering
the citizen-consumer: re-regulating consumer information to Support the
Transition to sustainable and health promoting food systems in Canada.
Sustainability 4, 2146–2175. doi: 10.3390/su4092146
Magni, P., Bier, D. M., Pecorelli, S., Agostoni, C., Astrup, A., Brighenti, F.,
et al. (2017). Perspective: improving nutritional guidelines for sustainable
health policies: current status and perspectives. Adv. Nutri. 8, 532–545.
doi: 10.3945/an.116.014738
Magnus, A., Haby, M. M., Carter, R., and Swinburn, B. (2009). The costeffectiveness of removing television advertising of high-fat and/or high-sugar
food and beverages to Australian children. Int. J. Obesity 33, 1094–1102.
doi: 10.1038/ijo.2009.156
Maloni, M., and Brown, M. (2006). Corporate social responsibility in the supply
Chain: an application in the food industry. J. Business Ethics 68, 35–52.
doi: 10.1007/s10551-006-9038-0
Mancini, P., Marchini, A., and Simeone, M. (2017). Which are the sustainable
attributes affecting the real consumption behaviour? Consumer understanding
and choices. Br. Food J. 119, 1839–1853. doi: 10.1108/BFJ-11-2016-0574
Martin, M. S., Maddocks, E., Chen, Y., Gilman, S. E., and Colman, I.
(2016). Food insecurity and mental illness: disproportionate impacts in the
context of perceived stress and social isolation. Public Health 132, 86–91.
doi: 10.1016/j.puhe.2015.11.014
Mason, P., and Lang, T. (2017). Sustainable Diets: How Ecological Nutrition Can
Transform Consumption and the Food System. London: Routledge.
Medact and Eating Better Alliance Policy Briefing (2017). A Healthy and
Sustainable Food Future. Available online at: https://www.medact.org/wpcontent/uploads/2017/03/A-Healthy-Sustainable-Food-Future.pdf (accessed
June 13, 2019).
Melzer, K., Schutz, Y., Boulvain, M., and Kayser, B. (2010). Physical activity
and pregnancy: cardiovascular adaptations, recommendations and pregnancy
outcomes. Sports Med. 40, 493–507. doi: 10.2165/11532290-00000000000000
Meneghetti, A., Rold, G. D., and Cortella, G. (2018). Sustainable refrigerated food
transport: searching energy efficient routes. IFAC PapersOnLine 51, 618–623.
doi: 10.1016/j.ifacol.2018.08.387
Miller, B. D. D., and Welch, R. M. (2013). Food system strategies for
preventing micronutrient malnutrition. Food Policy 42, 115–128.
doi: 10.1016/j.foodpol.2013.06.008
Milner, J., and Green, R. (2018). Sustainable diets are context
specific but are they realistic? Lancet Planet. Health 2, e425–e426.
doi: 10.1016/S2542-5196(18)30207-9
Mirmiran, P., Azadbakht, L., Esmaillzadeh, A., and Azizi, F. (2004). Dietary
diversity score in adolescents–a good indicator of the nutritional adequacy
of diets: Tehran lipid and glucose study. Asia Pac. J. Clin. Nutr. 13, 56–60.
Available online at: http://apjcn.nhri.org.tw/server/APJCN/13/1/56.pdf
Misra, A., Sharma, R., Gulati, S., Joshi, S. R., Sharma, V., Ibrahim, A., et al. (2011).
Consensus dietary guidelines for healthy living and prevention of obesity, the
metabolic syndrome, diabetes, and related disorders in Asian Indians. Diabetes
Technol. Ther. 13, 683–694. doi: 10.1089/dia.2010.0198
Moffatt, C. R. M., Howard, P. J., and Burns, T. (2011). A mild outbreak
of gastroenteritis in long-term care facility residents due to Clostridium
perfringens, Australia 2009. Foodborne Pathog. Dis. 8, 791–796.
doi: 10.1089/fpd.2010.0785
Monteiro, C. A., Cannon, G., Moubarac, J. C., Martins, A. P. B., Martins, C. A.,
Garzillo, J., et al. (2015). Dietary guidelines to nourish humanity and the planet
in the twenty-first century. A blueprint from Brazil. Public Health Nutr. 18,
2311–2322. doi: 10.1017/S1368980015002165
Monteiro, C. A., Levy, R. B., Claro, R. M., de Castro, I. R. R., and Cannon, G.
(2011). Increasing consumption of ultra-processed foods and likely impact
on human health: evidence from Brazil. Public Health Nutr. 14, 5–13.
doi: 10.1017/S1368980010003241
Mook, A., and Overdevest, C. (2018). Does fairtrade certification meet producers’
expectations related to participating in mainstream markets? an analysis
of advertised benefits and perceived impact. Sustain. Develop. 26, 269–280.
doi: 10.1002/sd.1700
Myers, S. S., Zanobetti, A., Kloog, I., Huybers, P., Leakey, A. D., Bloom, A. J.,
et al. (2014). Increasing CO2 threatens human nutrition. Nature 510, 139–142.
doi: 10.1038/nature13179

Frontiers in Sustainable Food Systems | www.frontiersin.org

18

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

welfare and environmentally friendly production? Meat Sci. 146, 75–86.
doi: 10.1016/j.meatsci.2018.07.030
Soteriades, A. D., Gonzalez-Mejia, A. M. Styles, D., Foskolos, A., Moorby, J. M.,
Gibbonsa, J. M. et al. (2018). Effects of high-sugar grasses and improved manure
management on the environmental footprint of milk production at the farm
level. J. Clean. Product. 202, 1241–1252. doi: 10.1016/j.jclepro.2018.08.206
Springmann, M., Wiebe, K., Mason-D’Croz, D., Rayner, M., and Scarborough
P. (2018). Health and nutritional aspects of sustainable diet strategies
and their association with environmental impacts: a global modelling
analysis with country-level detail. Lancet Planet Health 2, 451–461.
doi: 10.1016/S2542-5196(18)30206-7
Staelens, L., Desiere, S., Louche, C., and D’haese, M. (2018). Predicting job
satisfaction and workers’ intentions to leave at the bottom of the high value
agricultural chain: evidence from the Ethiopian cut flower industry. Int. J.
Human Resour. Manage. 29, 1609–1635. doi: 10.1080/09585192.2016.1253032
Steckley, M. (2016). Why ‘race’ matters in struggles for food
sovereignty:
experiences
from
Haiti.
Geoforum
72,
26–29.
doi: 10.1016/j.geoforum.2016.03.009
Stellingwerf, H. M., Kanellopoulos, A., van Der Vorst, J. G. A. J., and Bloemhof,
J. M. (2018). Reducing CO2 emissions in temperature-controlled road
transportation using the LDVRP model. Transport. Res. Part D. 58, 80–93.
doi: 10.1016/j.trd.2017.11.008
Sulemana, I., and James, H. S. (2014). Farmer identity, ethical
attitudes and environmental practices. Ecol. Econ. 98, 49–61.
doi: 10.1016/j.ecolecon.2013.12.011
Swinton, S. M., Lupi, F., Robertson, G. P., and Hamilton, S. K. (2007). Ecosystem
services and agriculture: cultivating agricultural ecosystems for diverse benefits.
Ecol. Econ. 64, 245–252. doi: 10.1016/j.ecolecon.2007.09.020
Tai, A. P. K., Martin, M. V., and Heald, C. L. (2014). Threat to future global food
security from climate change and ozone air pollution. Nat. Clim. Change 4,
817–821. doi: 10.1038/nclimate2317
Tefera, T. (2012). Post-harvest losses in African maize in the face of increasing food
shortage. Food Sec. 4, 267–277. doi: 10.1007/s12571-012-0182-3
Tektonidis, T. G., Åkesson, A., Gigante, B., Wolk, A., and Larsson, S. C.
(2015). A Mediterranean diet and risk of myocardial infarction, heart failure
and stroke: a population-based cohort study. Atherosclerosis 243, 93–98.
doi: 10.1016/j.atherosclerosis.2015.08.039
Terrapon-Pfaff, J., Gröne, M.-C., Dienst, C., and Ortiz, W. (2018a). Productive use
of energy – pathway to development? reviewing the outcomes and impacts of
small-scale energy projects in the global south. Renew. Sustain. Energy Rev. 96,
198–209. doi: 10.1016/j.rser.2018.07.016
Terrapon-Pfaff, J., Ortiz, W., Dienst, C., and Gröne, M.-C. (2018b). Energising
the WEF nexus to enhance sustainable development at local level. J. Environ.
Manage. 223, 409–416. doi: 10.1016/j.jenvman.2018.06.037
Thorlakson, T., Hainmueller, J., and Lambin, E. F. (2018). Improving
environmental practices in agricultural supply chains: the role
of company-led standards. Global Environ. Change 48, 32–42.
doi: 10.1016/j.gloenvcha.2017.10.006
Thornton, P. K. (2010). Livestock production: recent trends, future prospects.
Philos. Trans. R. Soc. B 365, 2853–2867. doi: 10.1098/rstb.2010.0134
Thyberg, K. L., and Tonjes, D. J. (2016). Drivers of food waste and their
implications for sustainable policy development. Resour. Conserv. Recycl. 106,
110–123. doi: 10.1016/j.resconrec.2015.11.016
Tilman, D., Balzer, C., Hill, J., and Befort, B. L. (2011). Global food demand and
the sustainable intensification of agriculture. Proc. Natl. Acad. Sci. U.S.A. 108,
20260–4. doi: 10.1073/pnas.1116437108
Tilman, D., Cassman, K. G., Matson, P. A., Naylor, R., and Polasky, S. (2002).
Agricultural sustainability and intensive production practices. Nature 418,
671–677. doi: 10.1038/nature01014
Tilman, D., and Clark, M. (2014). Global diets link environmental sustainability
and human health. Nature 515, 518–522. doi: 10.1038/nature13959
Tozzi, L., Carballedo, A., Lavelle, G., Doolin, K., Doyle, M., Amico, F., et al.
(2016). Longitudinal functional connectivity changes correlate with mood
improvement after regular exercise in a dose-dependent fashion. Eur. J.
Neurosci. 43, 1089–1096. doi: 10.1111/ejn.13222
Tregear, A. (2012). Progressing knowledge in alternative and local food networks:
critical reflections and a research Agenda. J. Rural Studies 27, 419–430.
doi: 10.1016/j.jrurstud.2011.06.003

Romani, S., Grappi, S., Bagozzi, R. P., and Barone, A. M. (2018). Domestic
food practices: a study of food management behaviors and the role
of food preparation planning in reducing waste. Appetite 121, 215–227.
doi: 10.1016/j.appet.2017.11.093
Rose, D., and Richards, R. (2004). Food store access and household fruit and
vegetable use among participants in the US Food Stamp Program. Public Health
Nutr. 7, 1081–1088. doi: 10.1079/PHN2004648
Ruini, L.F., Ciati, R., Pratesi, C.A., Marino, M., Principato, L., and Vannuzzi, E.
(2015). Working toward healthy and sustainable diets: the “double pyramid
model” developed by the Barilla center for food and nutrition to raise awareness
about the environmental and nutritional impact of foods. Front. Nutr. 2:9.
doi: 10.3389/fnut.2015.00009
Sabbahi, M., Li, J., Davis, C., and Downs, S. M. (2018). “Chapter nine - the role of
the sustainable development goals to reduce the global burden of malnutrition,”
in Advances in Food Security and Sustainability, eds D. Barling, and J. Fanzo
(Cambridge: Elsevier), 277–333. doi: 10.1016/bs.af2s.2018.09.007
Salas-Salvadó, J., Becerra-Tomás, N., García-Gavilán, J. F., Bulló, M., and Barrubés,
L. (2018). Mediterranean diet and cardiovascular disease prevention: what do
we know? Prog. Cardiovasc. Dis. 61, 62–67. doi: 10.1016/j.pcad.2018.04.006
Sánchez-Safont, E. L., Aldureid, A., Lagarón, J. M., Gámez-Pérez, J., and
Cabedo, L. (2018). Biocomposites of different lignocellulosic wastes for
sustainable food packaging applications. Composites Part B 145, 215–225.
doi: 10.1016/j.compositesb.2018.03.037
Sarkar, S. F., Poon, J. S., Lepage, E., Bilecki, L., and Girard, B. (2017). Enabling
a sustainable and prosperous future through science and innovation in the
bioeconomy at agriculture and agri-food Canada. N. Biotechnol. 40, 70–75.
doi: 10.1016/j.nbt.2017.04.001
Satija, A., and Hu, F. B. (2018). Plant-based diets and cardiovascular health. Trends
Cardiovasc. Med. 28, 437–441. doi: 10.1016/j.tcm.2018.02.004
Sbicca, J. (2015). Food labor, economic inequality, and the imperfect politics of
process in the alternative food movement. Agricult. Human Values 32, 675–687.
doi: 10.1007/s10460-015-9582-2
Schanes, K., Dobernig, K., and Gözet, B. (2018). Food waste matters - a systematic
review of household food waste practices and their policy implications. J. Clean.
Product. 182, 978–991. doi: 10.1016/j.jclepro.2018.02.030
Schmidt, K., and Matthies, E. (2018). Where to start fighting the food waste
problem? Identifying most promising entry points for intervention programs
to reduce household food waste and overconsumption of food. Res. Conserv.
Recycl. 139, 1–14. doi: 10.1016/j.resconrec.2018.07.023
Schnabel, L., Buscail, C., Sabate, J. M., Bouchoucha, M., Kesse-Guyot, E., Allès,
B., et al. (2018). Association between ultra-processed food consumption and
functional gastrointestinal disorders: results from the french nutrinet-santé
cohort. Am. J. Gastroenterol. 113, 1217–1228. doi: 10.1038/s41395-018-0137-1
Seed, B. (2015). Sustainability in the Qatar national dietary guidelines, among the
first to incorporate sustainability principles. Public Health Nutr. 18, 2303–2310.
doi: 10.1017/S1368980014002110
Shinn, J. E. (2016). Adaptive environmental governance of changing socialecological systems: empirical insights from the Okavango Delta, Botswana.
Global Environ. Change 40, 50–59. doi: 10.1016/j.gloenvcha.2016.06.011
Shreck, A., Getz, C., and Feenstra, G. (2006). Social sustainability, farm labor, and
organic agriculture: findings from an exploratory analysis. Agricult. Human
Values 23, 439–449. doi: 10.1007/s10460-006-9016-2
Siegel, K. R., Ali, M. K., Srinivasiah, A., Nugent, R. A., and Narayan, K. M. V.
(2014). Do we produce enough fruits and vegetables to meet global health need?
PLoS ONE 9:e0104059. doi: 10.1371/journal.pone.0104059
Singh, A., Kumari, S., Malekpoor, H., and Mishra, N. (2018). Big data cloud
computing framework for low carbon supplier selection in the beef supply
chain. J. Clean. Product. 202, 139–149. doi: 10.1016/j.jclepro.2018.07.236
Södergren, M., McNaughton, S. A., Salmon, J., Ball, K., and Crawford, D. A. (2012).
Associations between fruit and vegetable intake, leisure-time physical activity,
sitting time and self-rated health among older adults: cross-sectional data from
the WELL study. BMC Public Health 12:551. doi: 10.1186/1471-2458-12-551
Song, G., Zhang, H., Duan, H., and Xu, M. (2018). Packaging
waste from food delivery in China’s mega cities. Resour.
Conserv.
Recycl.
130,
226–227.
doi:
10.1016/j.resconrec.2017.
12.007
Sonoda, Y., Oishi, K., Chomei, Y., and Hirooka, H. (2018). How do human
values influence the beef preferences of consumer segments regarding animal

Frontiers in Sustainable Food Systems | www.frontiersin.org

19

September 2019 | Volume 3 | Article 76

Ahmed et al.

Evaluating Sustainability in Dietary Guidelines

Tscharntke, T., Klein, A., Kress, A., Steffan-Dewenter, I., and Thies, C.
(2005). Landscape perspectives on agricultural intensification and
biodiversity-ecosystem service management. Ecol. Lett. 8, 857–874.
doi: 10.1111/j.1461-0248.2005.00782.x
Tuomisto, H.L. (2019). The complexity of sustainable diets. Nat. Ecol. Evolut. 3,
720–721. doi: 10.1038/s41559-019-0875-5
Ussher, M. H., Owen, C. G., Cook, D. G., and Whincup, P. H. (2007). The
relationship between physical activity, sedentary behaviour and psychological
wellbeing among adolescents. Soc. Psychiatry Psychiatr. Epidemiol. 42, 851–856.
doi: 10.1007/s00127-007-0232-x
Utter, J., Denny, S., Lucassen, M., and Dyson, B. (2016). Adolescent cooking
abilities and behaviors: associations with nutrition and emotional well-being.
J. Nutri. Edu. Behavior. 48, 35–41.e1. doi: 10.1016/j.jneb.2015.08.016
van Asselt, E. D., Noordam, M. Y., Pikkemaat, M. G., and Dorgelo, F. O.
(2018). Risk-based monitoring of chemical substances in food: prioritization by
decision trees. Food Control 93, 112–120. doi: 10.1016/j.foodcont.2018.06.001
van Dijk, W. F. A., Lokhorst, A. M., Berendse, F., and de Snoo, G. R. (2016). Factors
underlying farmers’ intentions to perform unsubsidised agri-environmental
measures. Land Use Policy 59, 207–216. doi: 10.1016/j.landusepol.2016.09.003
van Holsteijn, F., and Kemna, R. (2018). Minimizing food waste by improving
storage conditions in household refrigeration. Resour. Conserv. Recycl. 128,
25–31. doi: 10.1016/j.resconrec.2017.09.012
Veltman, K., Rotz, C. A., Chase, L., Cooper, J., Ingraham, P., Izaurralde, R. C.
et al. (2018). A quantitative assessment of beneficial management practices
to reduce carbon and reactive nitrogen footprints and phosphorus losses
on dairy farms in the US Great Lakes region. Agricult. Syst. 166, 10–25.
doi: 10.1016/j.agsy.2018.07.005
Venkatesh, G., Nyflött, Å., Bonnerup, C., and Lestelius, M. (2018). An economicenvironmental analysis of selected barrier-coating materials used in packaging
food products: a Swedish case study. Environ. Develop. Sustain. 20, 1483–1497.
doi: 10.1007/s10668-017-9948-2
Vergé, X., Vanderzaag, A. C., Desjardins, R. L., and Mcconkey, B. (2018).
Synergistic effects of complementary production systems help reduce
livestock environmental burdens. J. Clean. Product. 200, 858–865.
doi: 10.1016/j.jclepro.2018.08.016
Vermeir, I., and Verbeke, W. (2006). Sustainable food consumption: exploring the
consumer “attitude – behavioral intention” gap. J. Agricult. Environ. Ethics 19,
169–194. doi: 10.1007/s10806-005-5485-3
Vermeulen, S. J., Campbell, B. M., and Ingram, J. S. (2012). I. Climate
change and food systems. Annu. Rev. Environ. Resour. 37, 195–222.
doi: 10.1146/annurev-environ-020411-130608
Vetter, S. H., Malin, D., Smith, P., and Hillier, J. (2018). The potential to reduce
GHG emissions in egg production using a GHG calculator – a cool farm
tool case study. J. Clean. Product. 202, 1068–1076. doi: 10.1016/j.jclepro.2018.
08.199

Frontiers in Sustainable Food Systems | www.frontiersin.org

Vogt, R., and Kaiser, L. (2008). Still a time to act: a review of institutional
marketing of regionally-grown food. Agricult. Human Values 25, 241–255.
doi: 10.1007/s10460-007-9106-9
Ward, P. R., Verity, F., Carter, P., Tsourtos, G., Coveney, J., and Wong,
K.C. (2013). Food stress in adelaide: the relationship between low income
and the affordability of healthy food. J. Environ. Pub. Health 2013:968078.
doi: 10.1155/2013/968078
Welch, R. M., and Graham, R. D. (1999). A new paradigm for world agriculture:
meeting human needs productive, sustainable, nutritious. Field Crops Res. 60,
1–10. doi: 10.1016/S0378-4290(98)00129-4
West, P. C., Gerber, J. S., Engstrom, P. M., Mueller, N. D., Brauman, K. A., Carlson,
K. M., et al. (2014). Leverage points for improving global food security and the
environment. Science 345, 325–328. doi: 10.1126/science.1246067
Westermann, O., Förch, W., Thornton, P., Körner, J., Cramer, L., and Campbell,
B. (2018). Scaling up agricultural interventions: case studies of climate-smart
agriculture. Agricult. Syst. 165, 283–293. doi: 10.1016/j.agsy.2018.07.007
Wheeler, T., and von Braun, J. (2013). Climate change impacts on global food
security. Science 341, 508–513. doi: 10.1126/science.1239402
Wilkins, J. (2005). Eating right here: moving from consumer to food citizen.
Agricult. Human Values 22, 269–273. doi: 10.1007/s10460-005-6042-4
Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen,
S., et al. (2019). Food in the anthropocene: the EAT–lancet commission
on healthy diets from sustainable food systems. Lancet 393, 447–492.
doi: 10.1016/S0140-6736(18)31788-4
Wittman, H., Dennis, J., and Pritchard, H. (2017). Beyond the market? New
agrarianism and cooperative farmland access in North America. J. Rural Studies
53, 303–316. doi: 10.1016/j.jrurstud.2017.03.007
Wood, G., and Newborough, M. (2003). Dynamic energy-consumption indicators
for domestic appliances: environment, behaviour and design. Energy Build. 35,
821–841. doi: 10.1016/S0378-7788(02)00241-4
Zanoni, S., and Zavanella, L. (2012). Chilled or frozen? decision strategies
for sustainable food supply chains. Int. J. Product. Econ. 140, 731–736.
doi: 10.1016/j.ijpe.2011.04.028
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2019 Ahmed, Downs and Fanzo. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

20

September 2019 | Volume 3 | Article 76

