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ED I T O R I A L

Contemporary syntheses in nutrition and dietetics

My last editorial, prepared for the February 2020 issue of
Nutrition & Dietetics titled “A time of change”,1 described
that we were in an era of accelerating change. In hindsight
this observation was a serious underestimate, little did we
know at that time of the massive change on so many levels
that would arise from a global pandemic. We have experi-
enced health, social, and economic disruption of an
unimaginable magnitude. I acknowledge the outstanding
work of dietitians and nutritionists internationally for their
commitment to practice through this most challenging of
times. Delivery of excellence in nutrition care throughout
the health and aged care sectors via telehealth or face-to-
face modes; facilitation of food systems through roles in
industry, food services, and the food relief sector; and con-
tinued delivery of high-quality education and research in
academia are just a few of the critical roles that dietitians
and nutritionists have contributed throughout this intense
period.

In parallel to the pandemic, the known challenges we
face to the health and sustainability of our planet have not
diminished. Recent high-level reports2,3 declare that now is
the time for action on sustainability and climate change.
The Climate Change Performance Index4 released for the
2021 COP26 summit in Glasgow applied a very low rating
for Australia's performance across every index category:
greenhouse gas emissions, renewable energy, energy use,
and climate policy. Across all of these metrics, Australia
can undoubtedly perform so much better. Effective public
health strategies and climate mitigation are just some of the
systemic actions required. Consideration of more sustain-
able agriculture, food (including energy needs, distribution,
packaging, and waste management), and the utility of our
broader food systems, sit right within scope as solutions to
address the environmental challenges we face.

Hence why the Dietitians Australia position state-
ment on healthy and sustainable diets5 in this issue has
been released at such a critical time for our profession.
This substantial synthesis of the literature to answer
three research questions recognises that the Indigenous
peoples of our country have nurtured a sustainable food
system for thousands of years. It highlights the remark-
able contrast between the traditional ways and the
globalised food system in which we now produce and
procure food. The position statement is timely, with the

recent release of the National Preventive Health Strategy
2021–2030,6 the review of the Australian Dietary Guide-
lines currently underway, and an imminent Federal
election. Explicit evidence-based recommendations have
been made for the development of a National Food and
Nutrition Strategy honouring Indigenous knowledge of
food systems, integration of sustainability principles in
the Australian Dietary Guidelines, reorientation of the
food environment whereby access to healthy and sustain-
able foods is prioritised, and the need for investment in
capacity building activities to equip the current and future
nutrition and dietetics workforce regarding sustainability
across the spectrum of the food system. Guidance for future
research made within this position statement aligns with the
views of national research experts where “implementation
and evaluation research on initiatives that lead to more sus-
tainable food systems” is a priority for dietetic research
across this decade.7 At a professional level, the position state-
ment is also essential to guide the translation and imple-
mentation of the revised National Competency Standards
for Dietitians.8 Performance Criteria 1.3.7 “Identifies oppor-
tunities and advocates for change to the wider social, cul-
tural and political environment to improve nutrition, food
standards and the food system” within these Competency
Standards clearly aligns with this position statement, hence
it will support and guide advocacy work and practice on
multiple fronts.

Other reviews within this issue synthesise topical
practice issues in public health nutrition and dietetics.
The scoping review prepared by Shi et al.9 on the effects
of the COVID-19 pandemic on food security in Australia
further highlights some systemic problems within the
food supply chain, but indeed considers other social
issues that have emerged and been highlighted over the
past 2 years. The review of Payne et al.10 considers rural
healthcare delivery and maternal and infant outcomes
for diabetes in pregnancy, whilst the review led by Du
et al.11 examines the effects of macronutrient intake on
sleep duration and quality.

In this issue, we publish a series of systematic reviews
examining key clinical questions. These include under-
standing the efficacy and safety of biophenol-rich
nutraceuticals in adults with inflammatory gastrointestinal
diseases and irritable bowel syndrome,12 exploring weight

DOI: 10.1111/1747-0080.12725
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management interventions that include dietary compo-
nents for young people with chronic healthcare needs,13

examining the scope of use of behaviour change theories
and techniques used to inform nutrition interventions for
adults undergoing bariatric surgery,14 and seeking to
understand the efficacy of early enteral nutrition versus
total parenteral nutrition for patients with gastric cancer
complicated with diabetes mellitus.15 There are also two
reviews that explore the effects of dining room interven-
tions across a range of settings,16 and meal choice in aged
care where, regrettably, standards have not yet been
explicitly defined.17

In addition to the reviews compiled within this issue, I
await the release of other issues of Nutrition & Dietetics
planned for 2022. Special themed issues have been curated
with a focus on clinical nutrition, food and mental health,
and professional issues in nutrition and dietetics. These
will continue to be supported virtually for members of Die-
titians Australia with our quarterly Research Bites presen-
tations continuing this year. And, following on from our
successful open call for papers for the special Methods
issue in 2021, there is a current call open for papers for a
Food Systems and Sustainability special issue.

Many more of our accepted papers will be published
open access from 2022 supported by a new Council of
Australian University Librarians (peak leadership organi-
sation for university libraries in Australia) and Wiley
Read & Publish agreement. Further information on this
agreement can be accessed at https://caul.libguides.com/
read-and-publish/wiley. I extend my thanks for the out-
standing contributions in preparing all issues to the Edi-
torial Board members, reviewers, and authors of papers
published in this journal. Also, to the Dietitians Australia
Board, who support the view that a strong evidence base
is central to contemporary dietetic practice.

In closing, let us hope that change continues to occur;
sustainable change and practices both at the micro and
macro levels, and without the uncertainty and social
upheaval we have experienced in recent times. The future
of the food supply, healthcare systems, and planetary
health are interdependent, and are reliant on sustainable
choices, systems, and practices. We all have a role to play.

Judi Porter PhD, FDA1,2

1Deakin University, Geelong, Victoria, Australia
2Editor in Chief, Nutrition & Dietetics
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Abstract

It is the position of Dietitians Australia that to promote human and planetary

health, a food system transformation is needed that enables the population to

adopt healthy and sustainable diet-related practices. A healthy and sustainable

diet must (i) be nutritionally adequate, healthy and safe, (ii) have low environ-

mental impact and be protective of natural resources and biodiversity, (iii) be

culturally acceptable and (iv) be accessible, economically fair and affordable.

Dietitians Australia acknowledges that it is critical to prioritise Indigenous

knowledges in consultation, policy-making and implementation processes to

achieve these recommendations. In facilitating the uptake of healthy and sus-

tainable diets, dietitians are contributing to the transformation of our current

food system that is urgently required to nourish present and future generations

within planetary boundaries. In developing this position statement, opportuni-

ties for future research have been identified including those to advance the

professions' capacity to improve environmental sustainability outcomes across

all areas of practice. To achieve a population-level shift towards this diet, Dieti-

tians Australia recommends: (i) the development of a National Food and

Nutrition Strategy which honours Indigenous knowledges on food systems,

(ii) the integration of sustainability principles in Australia's dietary guidelines,

(iii) the reorientation of our food environment to prioritise access to healthy

and sustainable foods, and (iv) investment in capacity building activities to

equip the current and future nutrition and dietetics workforce.
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diet, environmental sustainability, planetary health, public health nutrition
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1 | BACKGROUND

Indigenous peoples of the world have managed sustain-
able food systems for millennia, providing food, liveli-
hoods and well-being to humankind.1 Indigenous
people's food systems are founded on values of reciprocity
and respect for the whole ecosystem, whereby humans
are interconnected with the natural environment. The
way food is produced and consumed has changed drasti-
cally over recent decades and disregards Indigenous
knowledge of human–ecology interaction and its bal-
ance.2,3 As we attempt to mitigate the effects of climate
change and an increasing prevalence of diet-related dis-
ease, Indigenous peoples' knowledges of sustainable food
systems can provide insights, lessons and evidence.1,4 It is
believed that ‘the world cannot feed itself sustainably
without listening to Indigenous peoples’.1,p.10 However,
many would argue that to promote human and planetary
health, the global community must go beyond listening
and demonstrate a deep respect for Indigenous peoples as
the custodians and expert stewards of the land, water-
ways and our finely balanced ecosystem.

The relationship between our climate and our food
system is bidirectional. On one side, climate change is
affecting our planet's ability to produce food under
extreme weather conditions, diminishing natural
resources, ocean acidification and rising sea levels.5,6 On
the other side, our food system disrupts natural ecosys-
tems by creating more greenhouse gas emissions than
any other single contributor, causing land degradation,
depleting water stores and driving biodiversity loss.7,8

While food systems have the potential to promote human
health, environmental sustainability and equity, they are
currently threatening all three.2 Poor quality diets remain
the leading preventable risk factor for chronic disease,
particularly amongst lower socio-economic groups where
inequities in access to resources prevail.9,10 Despite evi-
dence that global food production has kept pace with
population growth in terms of dietary energy require-
ments, over 820 million people have insufficient food.2

The current food system is failing on both counts.
In Australia, the way our food is produced, man-

ufactured, distributed and consumed is contributing to
climate change and malnutrition in all its forms.10,11 Our
agricultural sector is responsible for 16% of Australia's
greenhouse gas emissions as well as biodiversity loss,
water consumption and unsustainable land management
practices.12 Our dietary consumption patterns yield the
highest per capita greenhouse gas emissions of all the
G20 countries.13 If the global population were to adopt
Australian consumption patterns, by 2050 the natural
resources of over six and a half Earths would be required
to support food production.13 This is only worsened by

the fact that foods which are energy-dense and nutrient-
poor account for 27% of diet-related emissions.14–16 These
discretionary products (foods high in fat, sugar and/or
salt) contribute 38% of the energy purchased from food
and drinks from supermarkets in Australia.17 Our food
system is also a key contributor to chronic disease risk.
Australia and New Zealand have the highest rates of
childhood overweight at 16.9%, compared to a global
average of 5.7%, and the highest rates of adult obesity at
30.7%, compared to a global average of 13.2%.18 Despite
being considered ‘the lucky country’, 12.3% of Australia's
population is experiencing food insecurity compared to a
7.6% average amongst other high income countries.18

When comparing Australia's food system scorecard to
those in the global arena, it is clear that urgent action is
required to contribute to global transformative efforts.

While the challenges to achieve such bold action are
significant, efforts to improve our food system can have
far-reaching benefits such as improving food security and
nutrition, social and gender equity, and community resil-
ience, amongst others.19 In 2019, the EAT-Lancet Com-
mission advised that ‘nothing less than a Great Food
Transformation’ is required, including a global shift
towards healthy and sustainable diets.2 This transforma-
tion requires cross-sectoral, global collaboration. Global
targets exist to support Australia's effort to achieve this
population-wide dietary shift, including Agenda 2030 and
the Paris Agreement, which are proving to be effective
mechanisms for attracting political will and driving
change.20–22 The United Nations' Decade of Action on
Nutrition commits United Nations' Member States,
including Australia, to implement public health policy to
create sustainable, resilient food systems for healthy diets
for all.23 It is agreed that a whole-of-system approach is
required, as evidenced by Indigenous food systems which
sustained biodiversity, natural resources and an abun-
dance of food sources in both land and water-based eco-
systems.24 Broadly defined, the food system ‘encapsulates
the activities, outcomes and actors involved in agricul-
ture, storage, processing and manufacture, distribution,
retail and consumption’.25,p.1097 The points of inter-
section between diet and this broader food system pre-
sent opportunities to achieve systemic transformation,
whereby efforts to promote the consumption of healthy
and sustainable diets can trigger transformative action
across the entire food system.19,26–28

Dietitians utilise scientific principles and methods in
the study of nutrition, to influence the wider food envi-
ronment and ultimately affect food intake and eating
behaviour.29 Dietitians therefore have a key role to play
in contributing to food system transformation, in particu-
lar by facilitating a population-wide shift to healthy and
sustainable diets. Role statements developed in Australia

BARBOUR ET AL. 7
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and overseas describe opportunities for dietetic practice
to achieve this within various settings and levels of public
policy.30,31 For example in food-based dietary guidelines
at the population-level, food procurement and menu
planning policies at an institutional-level, product
reformulation within the private food industry, nutrition
education to client groups, community groups and other
health professionals, and medical nutrition therapy at the
group and individual level.32 This paper presents Dieti-
tians Australia's position on healthy and sustainable diets
based on a review of existing literature. Using this evi-
dence, key recommendations are provided to guide future
research, practice and advocacy efforts, including an
investment in capacity building activities and tertiary
education to further equip Australia's current and future
dietetic profession to contribute to food system
transformation.

2 | METHODS

Exploration of existing literature was guided by a scoping
review methodology. This approach was deemed suitable
given the diverse and largely heterogenous literature
available to answer the broad and complex research ques-
tions.33 While guidance was taken from the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR),
not all checklist items were feasible for this current
study.34 The following five-stage approach for scoping
reviews was undertaken.35–37

2.1 | Stage 1: Identifying the research
questions

To present an overview of existing evidence on healthy
and sustainable diets, with the purpose of informing Die-
titians Australia's policy recommendations, three
research questions were developed by the expert working
group: (i) What are the characteristics of healthy and sus-
tainable diets? (ii) What approaches are being taken by
researchers to measure health and environmental sus-
tainability outcomes of population diets? (iii) What
evidence-based policy options exist to facilitate the
uptake of healthy and sustainable diets in Australia?

2.2 | Stage 2: Identifying relevant studies
for inclusion

Searches were designed and conducted for each of these
research questions respectively, drawing from both peer-

reviewed and grey literature (Data S1: Search Strategies). It
was deemed essential to include grey literature, particu-
larly for the third research question, to ensure policy docu-
mentation was considered. Incognito mode was utilised for
all Google Scholar searches to ensure replicability. To
restrict the size of this study, literature published in
English during a defined time period as outlined in the
search strategies (Data S1) was retrieved and screened
against the below inclusion criteria (Tables 1–3).

2.3 | Stage 3: Selection of included
studies

Titles and abstracts, or in the case of Google Scholar the
titles and introductory text of the first 100 results,38 were
screened by two researchers independently. Discrepan-
cies were discussed and resolved by these two researchers
before the identified full text papers were retrieved and
assessed against the inclusion criteria (Data S1: PRISMA
Flow Charts).

The final included studies were complemented by litera-
ture identified through both (i) reference lists of included
studies, and (ii) by members of the expert working group,
‘Dietitians Australia's Healthy and Sustainable Diets Posi-
tion Statement Working Group’. These complementary
sources of grey and peer-reviewed literature were identified
by expert working group members from organisational
newsletters, resource repositories (e.g. Food and Agriculture
Organization's Global-Hub on Indigenous Peoples' Food
Systems: www.fao.org/indigenous-peoples/global-hub/en,
Table: www.tabledebates.org, International Confederation
of Dietetic Associations' Food Sustainability Toolkit: www.
icdasustainability.org), public seminars and forums on the

TABLE 1 Inclusion criteria for Research Question 1

Criterion Definition

Subject The study must have been considered relevant to
both healthy and sustainable diets. Studies were
excluded if they only considered one of
nutrition/health or ecology/environment.

Outcome The study must have included a description of at
least one newly defined characteristic of a
healthy and sustainable diet, or a statement/
concept relevant to the definition of healthy and
sustainable diets.

Study The publication must have been available in
English, published on or after 2012, included
adequate detail to discern relevance. Study type
– any peer-reviewed publication (Google
Scholar) and systematic literature reviews
(PubMed) were considered.

8 BARBOUR ET AL.
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topic of healthy and sustainable diets and other dietetic
associations' public positions on the topic such as Dietitians
of Canada30,39 and the Academy of Nutrition and Dietetics
(formerly American Dietetic Association).40 Records identi-
fied by working group members were categorised as either
grey literature or those published in a peer-reviewed
journal.

2.4 | Stages 4 and 5: Charting the data,
summarising and reporting the results

Three approaches were adopted to present the results of
each research question:

1. Research Question 1: To present the characteristics of
healthy and sustainable diets, a summary of the publi-
shed ideas, definitions and concepts from included
studies was charted as a timeline in sequential order.

2. Research Question 2: To explore the approaches taken
to measure the outcomes of healthy and sustainable
diets, results from included studies were synthesised
and described according to the four elements of a
healthy and sustainable diet as proposed by the Food
and Agriculture Organization.41 As some included
studies used approaches such as modelling to measure
more than one of these four elements simultaneously,
an additional category was created.

3. Research Question 3: To explore policy options avail-
able to promote the uptake of healthy and sustainable
diets in Australia, three reporting methods were
adopted. Firstly, a brief summary was written, using
examples drawn from retrieved studies. Secondly a

table of specific policy examples derived from the
included studies was presented, categorised according
to the facilitating setting; federal government, local
government, food industry and institutional. Thirdly,
an overview of policy options was organised according
to the NOURISHING Framework.42 This framework
was chosen as it is intended to organise comprehensive
policy options across three domains – food environ-
ment, food system and behaviour change – to promote
healthier eating.42

A key objective of this study was to present Dietitians Aus-
tralia with key recommendations to facilitate the
population-wide uptake of healthy and sustainable diets.
The recommendations were first drafted by the expert
working group (authors of this paper), based on the evi-
dence presented to answer each of this study's research
questions, and Dietitians Australia's capacity to influence
policy across the diverse settings. The four recommenda-
tions were reviewed by Dietitians Australia's Food and
Environment interest group leadership committee, Dieti-
tians Australia's Advocacy and Policy Advisory Committee
and finally Dietitians Australia's Board of Directors to pro-
duce the position statement outlined in this manuscript.

TABLE 2 Inclusion criteria for Research Question 2

Criterion Definition

Subject The study must have been considered relevant to
both healthy and sustainable diets. Studies were
excluded if they only considered one of
nutrition/health or ecology/environment.

Outcome The study must have reported upon the impact of
healthy and sustainable diets, and described the
approaches or metrics used to measure this
impact. Hypothetical scenarios such as
simulation or modelling were included.

Study The publication must have been available in
English, published on or after 2019, included
adequate detail to discern relevance. Study type
– any peer-reviewed publication (Google
Scholar) and systematic literature reviews
(PubMed) were considered.

TABLE 3 Inclusion criteria for Research Question 3

Criterion Definition

Subject The study must have been considered relevant
to both healthy and sustainable diets. Studies
were excluded if they only considered one of
nutrition/health or ecology/environment.

Intervention The study must have described a policy (plan,
action, intervention, initiative, activity or
strategy), ideally with pre-determined
intentions (goals, objectives, targets)
accompanied by a planned approach or work
plan to achieve or measure the desired
outcome. Ad hoc activities were included,
provided they were part of a broader policy.

Setting Any policy/intervention setting was considered
– all levels of government, all institutional
settings, etc.

Population Consumers or nutrition and dietetics
professionals

Study The publication must have been available in
English, published on or after 2015, included
adequate detail to discern relevance. Study
type – any peer-reviewed publication (Google
Scholar) and systematic literature reviews
(PubMed) were considered. Hypothetical
scenarios such as simulation or modelling
were not included.
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TABLE 4 Key published ideas and concepts to define a healthy and sustainable diet

Author Publication title Definition

Burlingame et al.41 Sustainable diets and
biodiversity

This landmark definition was published in the Proceedings of the
International Scientific Symposium on Biodiversity and Sustainable
Diets United Against Hunger, held in Rome at FAO's Headquarters
in November 2010. This symposium provided experts with a platform
to reach the following consensus definition: ‘Sustainable Diets are
those diets with low environmental impacts which contribute to food
and nutrition security and to healthy life for present and future
generations. Sustainable diets are protective and respectful of
biodiversity and ecosystems, culturally acceptable, accessible,
economically fair and affordable; nutritionally adequate, safe and
healthy; while optimising natural and human resources.’41,p.7 This
definition continues to be referred to, for example in FAO's (2021)
report and white paper on Indigenous peoples' food systems.1,24

Friel et al.48 Towards healthy and
sustainable food
consumption: an Australian
case study

Friel et al. synthesised publicly available evidence on the
environmental impact of diets and defined ‘three over-arching
principles: (i) any food that is consumed above a person's energy
requirement represents an avoidable environmental burden in the
form of greenhouse gas emissions, use of natural resources and
pressure on biodiversity; (ii) reducing the consumption of
discretionary food choices, which are energy-dense and highly
processed and packaged, reduces both the risk of dietary imbalances
and the use of environmental resources; and (iii) a diet comprising
less animal- and more plant-derived foods delivers both health and
ecological benefits.’1,24,48,p.1159 Based on these, they constructed a
weekly healthy and sustainable food basket, as a method with which
to assess the availability and affordability of a healthy and sustainable
diet.

Johnston et al.49 Understanding sustainable
diets

Johnston et al. contribute a descriptive analysis of the determinants and
processes that influence diets and their impact on health, food
security and environmental sustainability. They identify five
categories which determine the sustainability of a diet: (i) agriculture,
(ii) health, (iii) sociocultural, (iv) environmental, and (v)
socioeconomic.

Nelson et al.50 Alignment of healthy dietary
patterns and environmental
sustainability: a systematic
review

Nelson et al. updated the systematic review conducted by the 2015
Dietary Guidelines Advisory Committee. Adding to the original 15
studies, an additional eight studies were analysed to conclude that ‘a
dietary pattern higher in plant-based foods (e.g., vegetables, fruits,
legumes, seeds, nuts, whole grains) and lower in animal-based foods
(especially red meat), as well as lower in total energy, is both
healthier and associated with a lesser impact on the environment’.50,
p.1005 This was consistent with several well-categorised dietary
patterns, including vegetarian diets, US dietary guidelines-related
diets, Mediterranean-style diets and the Dietary Approaches to Stop
Hypertension (DASH) diet.

Von Koerber et al.51 Wholesome nutrition: an
example for a sustainable
diet

Von Koerber et al. described the concept of Wholesome Nutrition as it
was developed in the 1980s in alignment with health, ecological,
economic, social and cultural dimensions of nutrition. They analysed
the food supply chain at all stages from production to waste disposal
and identified seven principles of sustainable nutrition: (i) preference
of plant-based foods, (ii) organic foods, (iii) regional and seasonal
products, (iv) preference of minimally processed foods, (v) fair trade
products, (vi) resource-saving housekeeping, and (vii) enjoyable
eating culture.

10 BARBOUR ET AL.
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TABLE 4 (Continued)

Author Publication title Definition

Monteiro et al.52 The United Nations Decade of
Nutrition, the NOVA food
classification and the
trouble with ultra-
processing

This commentary piece introduced the NOVA system of food
classification, which categorises all food into four groups, based on
the nature, extent and purpose of food processing. Group 1:
unprocessed or minimally processed foods (e.g. seeds, fruits, leaves,
stems, eggs, milk). Group 2: processed culinary ingredients (e.g. oils,
butter, sugar, salt). Group 3: processed foods (e.g. bottled vegetables,
canned fish, fruits in syrup, cheese, bread). Group 4: ultra-processed
foods (e.g. soft drinks, sweet or savoury packaged snacks,
reconstituted meat products, pre-prepared frozen dishes). Monteiro
et al. (2018) described the rapidly increasing production of ultra-
processed products, which contribute to climate disruption, pollution,
degradation and depletion of air, land, water and sources of energy,
as a world crisis to be addressed as part of the United Nation's
Sustainable Development Goals.

World Health Organization
(WHO)53

A healthy diet sustainably
produced (information
sheet)

WHO identified that to ensure a healthy diet for current and future
populations, we must 'focus on the most vulnerable populations, on
promoting a healthy and diverse diet and on changing to sustainable
food production systems’.53,p.3 WHO presented 14 recommendations
for a healthy diet that is sustainably produced, which are applicable
to low-, middle- and high-income country settings with consideration
of health, environmental, gender, and equity outcomes.

EAT Lancet Commission2 Food planet health—
summary report

The EAT Lancet Commission defined the planetary health diet as a
means to nourish a population of 10 billion people by 2050 while
respecting planetary boundaries. This flexitarian diet is ‘largely plant-
based but can optionally include modest amounts of fish, meat and
dairy foods.’53,p.32,p.11 The EAT-Lancet Commission defined scientific
targets for a planetary health diet for an intake of 1500 kcal/day
however encourage local interpretation to reflect the culture,
geography and demography of the population and individuals.

Smetana et al.54 A path from sustainable
nutrition to nutritional
sustainability of complex
food systems

Smetana et al. describe Nutritional Sustainability as a concept which
‘sets environmental sustaining capacity as a baseline level for
balanced nutrition’ while also aiming for the ‘search of food system
driving nodes’.54,p.39 Nutrition Sustainability does not aim for the
support of solutions of producing enough or more food for increasing
population (sustainable nutrition), neither does it contradict other
similar concepts [sustainable nutrition security, nutritional life cycle
assessment (LCA)].54

Lawrence et al.55 Sustainable, resilient food
systems for healthy diets:
the transformation agenda

Lawrence et al. commented on the EAT Lancet Commission's planetary
health diet by summarising the recommendations, commending the
comprehensive approach taken and outlining the response amongst
key stakeholders. Some criticisms presented which are of relevance to
defining healthy and sustainable diets are those concerning
nutritional adequacy for population subgroups such as pregnant
women, the feasibility of uptake given the flexitarian diet is largely
prescriptive and the omission of ultra-processed foods in their
analysis.

FAO and WHO56 Sustainable healthy diets –
guiding principles

This document resulted from an international expert consultation to
develop guiding principles for sustainable healthy dietary patterns to
be translated into policy action. Five background papers were
prepared by global experts in advance of a three-day consultation in
Rome. They defined sustainable healthy diets as those which ‘achieve
optimal growth and development of all individuals and support
functioning and physical, mental, and social wellbeing at all life
stages for present and future generations: contribute to preventing all
forms of malnutrition (i.e. undernutrition, micronutrient deficiency,

(Continues)
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3 | RESULTS

3.1 | What are the characteristics of
healthy and sustainable diets?

To achieve population-level shifts towards healthy and
sustainable diets, the characteristics of the desired dietary
behaviours must be clearly defined. The concept of
healthy and sustainable diets is not new. At the time that
the view of food and health had become medicalised,
Gussow and Clancy proposed that nutrition education
must be extended beyond a medical view to incorporate
the impact that people's food choices were having on the

environment, and therefore on the nutrition of future
generations.43 In recent years, as the threat of climate
change on food production and planetary health has
gained attention, the topic of healthy and sustainable
diets has created momentum amongst researchers and
agencies of the United Nations. There has also been a
shift in focus away from working with individuals on
their dietary decision-making processes, towards efforts
which create a food system that enables healthier food
options and eating patterns as the default.44 There is an
increased appreciation of Indigenous peoples' food sys-
tems and knowledge required to maintain a balance
between human–ecological interactions.24 It is also

TABLE 4 (Continued)

Author Publication title Definition

overweight and obesity); reduce the risk of diet-related non-
communicable diseases; and support the preservation of biodiversity
and planetary health.’56,p.11 There are 16 guiding principles which
relate to the health, environment and sociocultural aspect of
sustainable healthy diets.

Kuhnlein et al.57 Indigenous food systems:
contributions to sustainable
food systems and
sustainable diets. In
Burlingame B. and Dernini
S., Sustainable Diets.
Linking Nutrition and Food
Systems.

Kuhnlein et al. describe that Indigenous peoples' have ‘a collective
experience in managing 22% of the world's ecosystem and land mass
and preserving the majority of the planet's biodiversity. Indigenous
peoples understand how their local foods are resilient and adapted to
their local environments, even when climate challenged. They know
the animals and plants that are natural resources in the world's
forests, pastures, riverine lands and waters, lakes, and seas, which
contain the genetic material of the world's biodiversity. The
knowledge of these resources is grounded in their culture, spirituality
and historical legacy. Those who can relate and express such
knowledge can help the world to develop, realise and enjoy the
benefits of Indigenous food systems, which are essential for
sustainable diets’, whilst safe-guarding the rights of Indigenous
peoples.57,p.67

Barbour et al.58 Translating evidence into
policy action: which diet-
related practices are
essential to achieve healthy
and sustainable food system
transformation?

Barbour et al. sought to define healthy and sustainable diet-related
practices that could be targeted by policy-makers. These diet-related
practices were defined as the activities that an individual engages in
to source, store, prepare, consume and dispose of food. A review of
relevant United Nations' publications dated after FAO's (2012)
landmark definition, distilled 13 commonly recommended healthy
and sustainable diet-related practices: (i) select food grown using
sustainable food production practices, valuing and respecting
Indigenous knowledges, (ii) strengthen local food systems by
connecting with primary producers, (iii) eat seasonally, incorporating
native and wild-harvested foods, (iv) eat locally available foods, (v)
avoid over-consumption beyond energy requirement, (vi) consume
no more than recommended animal-derived foods, (vii) limit intake
of ultra-processed, nutrient-poor and over-packaged food, (viii)
increase intake of plant-based foods, (ix) eat a wide variety of foods to
promote biodiversity, (x) adopt food waste-minimisation strategies,
(xi) preference home-made meals and share with others, (xii)
consume safe tap water as preferred drink, and (xiii) breastfeed
infants where possible.

12 BARBOUR ET AL.
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understood that not all healthy diets have low environ-
mental impacts, and not all environmentally beneficial
diets maximise human health.19,45–47 Therefore, to under-
stand the way in which a more comprehensive under-
standing of healthy and sustainable diets has been
developed, Table 4 presents a timeline of key ideas and
concepts which have been published and with direct rele-
vance to an Australian context.

Scholars with expertise in healthy and sustainable
food systems agree that 'no single exemplar diet exists’.45,
p.132 However, as outlined in Table 4, contributions to
defining a healthy and sustainable diet have remained
consistent with the FAO's (2012) original definition in
that four elements must exist; a healthy and sustainable
diet must (i) be nutritionally adequate, healthy and safe,
(ii) have low environmental impact and be protective of
natural resources and biodiversity, (iii) be culturally
acceptable and (iv) be accessible, economically fair and
affordable.45

3.2 | What approaches are being taken
by researchers to measure health and
environmental sustainability outcomes of
population diets?

To assess the quality of population diets against these
four elements of a healthy and sustainable diet, scholars
have adopted a range of methods, such as modelling, life
cycle assessment, and land use analysis and applied mul-
tiple disciplinary lenses.50 Before presenting the
approaches taken by scholars within the peer-reviewed
literature, it must be acknowledged that Indigenous peo-
ples' food systems have sustained life since millennia
based on ‘keen [detailed, complex and sustained] obser-
vations of the processes and effects of nature’,24,p.6 that
may not yet be evident in the conventional hierarchies of
scientific evidence.59

In looking at the first element, the nutritional ade-
quacy, health and safety of a diet, Kumanyika et al. com-
pared three approaches to measuring the healthiness of
diets to inform the expert consultation on Sustainable
Healthy Diets; WHO dietary guidelines, Global Burden of
Disease risk factors and analysis of whole dietary patterns
with health outcomes in population studies and clinical
trials.60 Although interested solely in health outcomes,
they identified crucial win–win opportunities to promote
healthy and sustainable diets by increasing plant-based
foods, reducing processed meats, limiting the intake of
salt, free sugars, saturated fats, trans fats and industrially
processed foods.60 Another approach to assess the nutri-
tional quality of population-level diets is the NOVA
classification system referred to in Table 4.61 Nine

systematic reviews have synthesised a substantial body
of evidence reporting associations between ultra-
processed foods and a range of adverse health out-
comes.62–70 Machado et al. found a positive linear trend
between high intake of ultra-processed foods and high
intake of nutrients linked to non-communicable dis-
eases amongst Australian adults.71 Ultra-processed
foods have also been shown to have an association with
adverse sustainability outcomes.72

In considering the second element, environmental
impact of a diet, an integrative review of the metrics in
use identified that journal literature mostly addressed
greenhouse gas emissions and, to a lesser extent, land
and water use.73 This review identified that soil carbon
stocks were overlooked as an important indicator of
environmental impact.73 This represents a mis-
alignment in the scientific methodologies between
publications aiming to inform climate action through
agricultural production and those assessing the envi-
ronmental impacts of foods to define a healthy and sus-
tainable diet.73 Chai et al. conducted a systematic
review to compare vegan, vegetarian and omnivorous
diets for their environmental impact.74 They measured
the environmental impact based on greenhouse gas
emissions, land use and water footprint.74 Focusing on
the Swedish population diet, Mehlig et al. examined
the changes in diet-related greenhouse gas emissions
since the turn of the century, demonstrating the use of
this single measure of sustainability to provide insights
to a trend over time.75

Moving to Australian research on this environmental
impact element, Ridoutt et al. quantified the water scar-
city footprint of 9341 Australian adults using dietary
intake data and compared this to the planetary boundary
for freshwater use.16 They concluded that diets based on
Australia's dietary guidelines are within the planetary
boundary for freshwater.16 Using the same dietary intake
data, Ridoutt et al. also investigated use of a weighted
environmental impact score, factoring in climate foot-
print, water-scarcity footprint and cropland-scarcity foot-
print. Upon considering wider impacts, they concluded
that a diet based on Australia's dietary guidelines could
achieve a lower environmental impact score, but not low
enough to achieve planetary boundary targets due to the
impacts of the food production system.76 Forbes et al.
conducted a rapid review to determine the environmental
impacts associated with food consumption in Australia
and New Zealand and of the 20 studies included, green-
house gas emissions (n 12) were the most commonly used
environmental indicator followed by water use and envi-
ronmental footprint (n 7) and carbon footprint (n 3).77

Shamsi et al. explore the rich legacy of Aboriginal fishing
cultures in Australia, offering valuable lessons to
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conserve aquatic resources and understand human–
ecology interconnectedness.78 Their literature review
describes examples of fishing practices, ideology and sus-
tainable philosophy, such as only taking enough fish to
nourish individuals and communities, and restricting
fishing based on seasons and stock abundance,
explaining how these are measured.78

To assess the cultural acceptability of a diet, Hachem
et al. reviewed the contribution of two territorial diets,
the Mediterranean and New Nordic diets, towards envi-
ronmental, sociocultural and economic sustainability
outcomes, arguing that some territorial or ‘regional’ diets
can be a catalyst for food systems transformation.79

Although not technically assessing the cultural accept-
ability, various socio-cultural drivers have likely contrib-
uted to the increased intake of ultra-processed foods.80

For example, Baker et al. suggest that inequitable gender
distribution of household work including shopping for
and preparing family meals, may explain the higher pro-
portions of semi-prepared, ready to eat ultra-processed
meals and snacks consumed in Australia and other high-
income countries.80

And finally, in assessing the economic accessibility and
affordability of a diet, the use of a hypothetical food basket
is a commonly used method to assess and monitor food
availability and cost internationally and within
Australia.81–83 In measuring the affordability of a healthy
and sustainable diet in Australia, Barosh et al. compared
the price of a typical food basket with a healthy and sus-
tainable food basket within five neighbourhoods of
Greater Western Sydney.48,84 They concluded that those
most economically disadvantaged, both at a
neighbourhood and household level, experience the
greatest inequality in affordability of the healthy and sus-
tainable diet. More recently, Goulding et al. compared an
Australian-specific planetary health diet basket modelled
on the EAT-Lancet Commission's recommended diet, to
the typical Australian diet basket for two adults and two
children.85 Analysing the cost of each basket in low,
medium and high socio-economic areas in each Australian
state and territory identified that the Planetary Health Diet
was more affordable for Australians living in Metropolitan
areas than the typical Australian diet.85 In another
approach to measure the affordability of a healthy and sus-
tainable diet, Donati et al. assessed dietary intake data
from 104 young adults in Italy to identify two diets; the
minimum cost healthy diet and the most environmentally
sustainable diet (based on carbon emissions, water con-
sumption and land use).86 They then integrated both eco-
nomic and environmental objectives to define a healthy,
sustainable and affordable diet for this population group.86

To assess multiple outcomes of a population diet
simultaneously, benchmark modelling has been shown

to be useful, whereby pre-determined diets are evaluated
against indices to quantify health, environment and
affordability outcomes. For example, Mertens et al., com-
pared a diet which adhered to food-based dietary guide-
lines in Denmark, Czech Republic, Italy and France and
evaluated these according to their nutritional adequacy
using the Nutrient Rich Diet score and their greenhouse
gas emissions.87 Their modelling measured three prefer-
ential diet scenarios; dietary preferences, nutrient quality
and environmental impact and they concluded that fully
maximising health and minimising greenhouse gas emis-
sions cannot be achieved simultaneously.87 Chen et al.
conducted a multi-dimension, multi-indicator analysis
involving nine alternative dietary scenarios, three nutri-
tional quality scores, five environmental indicators, one
economic measure and one human health indicator.88

They concluded that transition towards a healthy diet
(dietary guidelines of Swiss Society for Nutrition) was the
most sustainable option and would result in 36% lesser
environmental footprint, 33% lesser expenditure and
2.67% lower adverse health outcome (DALYs) compared
with the current diet.88

Wrieden et al. developed a framework to quantify
health, affordability and environmental sustainability
measures for food purchase survey data in the
United Kingdom.89 They applied a life cycle assessment
approach to detailed food composition data, measuring
greenhouse gas emission, land use, diet quality (based
on dietary guidelines and food cost), all standardised
according to household income.89 Allen et al. adopted
a Delphi survey to propose a new metric system (with
18 indicators) to assess the sustainability of food sys-
tems and diets, specific to the Mediterranean area.90

They also considered affordability and health in their
sustainability assessment.90 Clark et al. measured five
health outcomes (type 2 diabetes, stroke, coronary
heart disease, colorectal cancer and mortality, and five
environmental outcomes: greenhouse gas emissions,
land use, scarcity-weighted water use, acidification and
eutrophication) to conclude that dietary transitions
towards healthy food consumption will generally also
improve sustainability.91

Springmann et al. conducted a modelling study to
assess the healthiness and sustainability of national and
global food based dietary guidelines of 85 countries.92

They concluded that adoption of the EAT-Lancet's plane-
tary health diet as compared to the WHO's dietary guide-
lines would achieve a 34% reduction in premature
mortality and reduce greenhouse gas emissions by more
than three times.92 Of the 85 countries' dietary guidelines
assessed, most (67%–87%) were incompatible with meet-
ing targets set within the Paris Climate Agreement.92

Hence, to achieve ambitious targets set to nourish a
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growing global population within planetary boundaries,
national dietary guidelines must be both healthier and
more sustainable. Springmann's earlier work was
analysed as part of a systematic review by Jarmul et al.
which assessed the available published evidence on the
effect of ‘sustainable diets’ (typically high in plant-
sourced and low in animal-sourced and processed foods)
on environmental footprints and human health.93 Analy-
sis of 18 studies was conducted using six environmental
outcomes and seven health outcomes, which consistently
placed a ‘sustainable diet’ as having both positive health
effects and reduced environmental footprints with the
exception of increased water use.93 They discuss the con-
sideration that co-benefits are not universal, with trade-
offs required across the health and environmental mea-
sures even when population diets are carefully designed,
evidence based and adapted to contextual factors.93

Bunge et al. conducted a systematic review to explore the
existing food profiling models as a tool to inform the
development of food labels that account for nutrition and
environmental sustainability.94 Published in the Lancet
Planetary Health, their review identified 16 sustainable
food profiling models from which they describe a number
of advantages and disadvantages.75 Amongst the disad-
vantages, few profiling models to date account for at least
two environmental impact factors and even less included
other dimensions of sustainability or nutrition
measures.75

Within an Australian context, Hendrie et al. modelled
the average adult diet against dietary patterns consistent
with Australia's dietary guidelines and identified that a
25% reduction in greenhouse gas emissions would result
if our population were to follow existing guidelines.15,46

Also modelling Australian dietary patterns, Candy et al.
compared a healthy mixed diet, with both animal and
plant foods, to a healthy plant-based diet, with only plant
foods.95 Both diets met Australian dietary guidelines and
four sustainability principles; avoiding over-consump-
tion, reducing intake of discretionary foods, reducing ani-
mal products, and reducing food waste.95 Modelled
outcomes included food availability, water use, land use,
greenhouse gas emissions, fuel and energy use and fer-
tiliser use, and identified that a population-wide shift
towards the plant-based diet would be associated with
less environmental impact, however fertiliser use and
land availability concerns would need to be addressed.95

As described, various approaches exist to measure the
health and environmental outcomes of healthy and sus-
tainable population diets. Madzorera et al. highlighted a
number of challenges for researchers and practitioners
working to measure healthy and sustainable diets,
including the lack of standardisation and validation of
diet quality (health and sustainability metrics) for

countries globally.96 They acknowledged that metrics
must also consider convenience, preference and desirabil-
ity which influence food choices.96 In summary, further
research and development of diet-related heath and sus-
tainability metrics is required. These metrics must con-
sider all four elements of FAO's (2012) definition of a
healthy and sustainable diet to support effective measure-
ment and population-wide uptake of this diet.

3.3 | What evidence-based policy options
exist to facilitate the uptake of healthy and
sustainable diets in Australia?

Having described progress to define what a healthy and
sustainable diet is and how it is measured, this
section explores approaches to facilitate the uptake of
these diets in Australia. Peer-reviewed literature con-
tinues to emerge, demonstrating both the effectiveness
and feasibility of various approaches. Bene et al.97

defined five areas of research and action required to
operationalise the EAT-Lancet Commission's recommen-
dations; economic viability (e.g. discounts for low-income
households to purchase fruits and vegetables), political
economy (e.g. accountability mechanisms to ‘fame and
shame’ actions taken by powerful food actors), cultural
norms (e.g. guiding consumer behaviour by altering the
choice architecture of the food environment), equity
(e.g. full supply chain traceability to discourage child
labour), governance and tools (e.g. use of foresight tech-
niques to inform policy and decision-making).97 Parsons
and Hawkes sought to identify food systems policy with
the co-benefits of healthy, environmental and economic
policy goals in the United Kingdom.98 They identified six
aspects of food systems that show potential for all three
outcomes to come together; public procurement, a Com-
mon Agricultural Policy, school fruit and vegetable
schemes, investing in small and medium-sized enter-
prises and entrepreneurship, short supply chains and
building skills.27 Also from the United Kingdom, the
Behaviour Insights team presented a range of strategies
which target four key stakeholder groups (sustainability
leaders, consumers/citizens, the food industry and gov-
ernments), and reflect three critical pillars of dietary
change; making sustainable food more appealing, normal
and easy.99

In considering which strategies are most feasible to
achieve a widespread shift to sustainable diets, we must
first understand the drivers for change. One such driver
is the habitual behaviour embedded in individuals over
time and the cultural and social norms that support these
habits.97 Eker et al. used an integrated assessment model
to demonstrate this social norm effect, whereby, for
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example, high vegetarianism amongst a population will
accelerate a further shift to a vegetarian diet amongst
others in this same population group.100 This example
supports the need for investment in strategies that are
motivated by either intrinsic identity or by group dynam-
ics, to effectively achieve this population-level shift
towards healthy and sustainable diets.100 Importantly,
the food system must support these social changes
throughout the food supply chain, beyond just the con-
sumption phase. For example, if strategies to trigger this
social norm effect are successful in promoting a reduced
intake of meat, the system must offer adequate sustainably
grown and processed plant-based protein options. With
many strategy options being discussed, it is vital to also
consider available mechanisms to ensure best-practice evi-
dence is translated into policy decision-making. An exam-
ple of such a mechanism, the Food Systems Dashboard,
was created in 2020 to visually present curated data from
public and private sources to identify context-specific
levers for change to inform policy decision-making at a
country level.101 Lawrence et al. developed a policy formu-
lation tool to strategically inform food and nutrition policy
that aims to promote healthy and sustainable diets.102

They present an ‘Orders of Food Systems Change’ schema,
intended to guide policymaking through (i) first order
change related to adjusting individual components of the
food system to improve their performance efficiency,
(ii) second order change related to reforming interaction
between and within the inter-related components of the
food system and (iii) third order change which focuses on
transforming the orientation of the food system as a whole,
so that it becomes a tool to facilitate healthy and sustain-
able diets.102

In reviewing current evidence about the efficacy of
various policy options to facilitate the uptake of healthy
and sustainable diets, the policies presented in Table 5
were identified. In addition to these policy options, die-
tary guidelines are an effective mechanism to promote
healthy and sustainable diets.92,146 Dietary guidelines are
implemented at a Federal Government level and serve as
an evidence-informed reference standard to guide policy
activities and inform research into population diets.146

Springmann et al. identified from their modelling of
85 countries that the adoption of food-based dietary
guidelines improved health outcomes and reduced green-
house gas emissions.92 Their analysis however suggested
that national guidelines could be healthier and more sus-
tainable, in particular limiting the consumption of
animal-derived foods, increasing plant-based foods and
wholegrains and attaining a balanced energy intake.92

Reinhardt et al. conducted a systematic review of the evi-
dence on dietary patterns and sustainability in the United
States of America (USA), by comparing the sustainability

of diets adhering to the dietary guidelines with current
diets.147 Their results challenged prior findings that diets
adhering to the dietary guidelines were more sustainable
than average diets, indicating that the USA dietary guide-
lines may lead to similar or increased greenhouse gas
emissions, energy use, and water use compared to the
current diet in the USA.147 Ritchie et al. assessed the
implications of a number of dietary guidelines including
Australia's on greenhouse gas emissions and identified
them to be highly inconsistent with the Paris Agree-
ments' 1.5�C global warming target.148 In comparing the
average Australian intake to Australia's dietary guide-
lines, Hendrie et al. concluded that to promote health
and environmental sustainability, dietary guidelines must
facilitate a reduction in non-core foods and the consump-
tion of no more than recommended serves of core food
items, especially red meat.15 With processed and ultra-
processed food intake increasing globally, the NOVA
categorisation framework is a recommended tool to
inform the development of both healthier and more envi-
ronmentally sustainable guidelines.52,72,80 In assessing if
and how environmental sustainability messages are
included in food-based dietary guidelines, Fischer and
Garnett identified firstly that only 83 of a possible 215
countries had official guidelines.146 And of those with
guidelines, only four countries at the time of this review
had included sustainability messages; Brazil, Sweden,
Qatar and Germany; and two countries, United States of
America and Australia, had attempted to include them
however failed to achieve government endorsement.146

As dietary guidelines are periodically reviewed by fed-
eral governments globally, it is essential that evidence on
both health and sustainability is considered, and that this
evidence considers biases involved in industry-funded stud-
ies. In looking to best-practice examples of dietary guide-
lines with prominent sustainability messages, scholars
have published the evidence used to support Brazil's
National Dietary Guidelines149 and the development of
Netherlands' healthy and sustainable food-based dietary
guidelines.150 Dietary guidelines are not only a tool to pro-
vide advice to the general public on foods, food groups and
dietary patterns, they also form the basis for food policy
decision-making and are therefore fundamental to shift
consumption patterns in healthier and more environmen-
tally sustainable directions.150 As outlined in Table 5, there
are a number of settings and policy options to facilitate the
population-wide uptake of dietary guidelines.

4 | RECOMMENDATIONS

This position paper presents an overview of the current
evidence to define and measure healthy and sustainable
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TABLE 5 Settings and policy options which facilitate population-wide uptake of healthy and sustainable diets

Setting Policy
Examples in the literature (countries where the
example is drawn from)

Federal government National food and nutrition strategy • National Food Strategy (United Kingdom)103,104

• Australia's attempt to create a National Food Plan
(Australia)105

Taxation • Tax on sugar sweetened beverages and ultra-processed
foods (Australia)106

Local government Governance • Engagement from Indigenous leaders in policy
development (International)24

• Policy and planning to influence local food environments
(Australia)107

• Food policy coalitions as a means to influence local food
environments (Australia)108

• Case study of Europe's ‘Common Food Policy’ to
demonstrate how governance reforms can trigger a shift to
healthy diets and sustainable food systems (Europe)109

• City-region food system framework (International)110

• Madrid – Role of cities in food governance (Spain)111

• Co-developing (local government and key stakeholders) an
indicators toolbox for action to support urban cities to
evaluate performance according to food system
sustainability (United Kingdom)112

Modifying the local food environment • Local government-led strategies as part of the Milan
Urban Food Policy Pact (International)113,114

• Food system sustainability from local to global approach
(International)115

• Participatory food policy-making process – Australian case
study (Australia)116

• Shaping physical, economic and policy components of
food environments for healthy and sustainable diets
(International)44

• Benchmarking as a public health strategy to create healthy
food environments – evaluation of INFORMAS
(International)117

• Improving food environments using INFORMAS (New
Zealand)118

• Multi-sector participatory approach working with
community stores to enhance food security in remote
Indigenous communities (Australia)119

• Including alternative food networks (e.g. non-supermarket
retail options and civil society groups) in urban policy
(Italy)120

Food industry Re-orientation of the retail food
environment

• Restricting the merchandising of discretionary food and
beverages in retail settings (Australia)121

• Barriers and facilitators for creating healthy food retail
outlets – perspectives from Australian local government
authorities (Australia)122

• Applying the ecological determinants of health perspective
to reconsider the current retail foodscape (United States of
America and Canada)123

• A systematic review of factors influencing sustainable food
consumption behaviours amongst university students,
examining the effects of choice architecture interventions
(International)124

(Continues)

BARBOUR ET AL. 17

 17470080, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1747-0080.12726 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [29/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 5 (Continued)

Setting Policy
Examples in the literature (countries where the
example is drawn from)

Food labelling • A systematic review comparing consumer preference for
nutrition, environmental and social responsibility food
labelling (International)125

• A systematic review of sustainable food profiling models
used to inform the development of food labels
accounting for both nutrition and the environment
(International)94

• A systematic review and meta-analysis exploring the
willingness to pay more for foods with environmental
sustainability labels (International)126

• Consideration of the practicalities of labelling to
encourage sustainable food choices by consumers and
trigger systemic changes (International)127–130

• Traffic light labelling of meal choices as a method of
persuasion (United Kingdom)131

Institutional Institutional food service guidelines and
auditing

• A systematic review of hospital food service;
environmental and associated economic impacts,
outcomes of strategies aiming to improve sustainability
and perspectives of patients, staff and stakeholders about
these strategies (International)132

• A systematic review exploring consumer expectations and
responses towards environmentally sustainable initiatives
of foodservice operations (International)133

• A systematic review of food waste audit methods in
hospital food services – development of a consensus audit
tool (International)134

• Developing and implementing national-level healthy and
sustainable guidelines in America for institutional food
service settings (United States of America)135,136

• Victoria's guidelines for healthy and high-quality food in
public hospitals and aged care facilities (Australia)137

Food procurement • New York's public food procurement policies (United
States of America)138

• Copenhagen organic conversion in public kitchens
(Denmark)139

• Public food procurement as a policy instrument to address
social, economic, environmental, health and nutrition
outcomes by promoting sustainable food systems and diets
(Brazil, Paraguay and United States of America)140

Menu adaptation • Meatless Monday in Armed Forces (Norway)141

• Evaluation of meatless Monday in a National school meal
program (United States of America)142

• Impact of offering more vegetarian cafeteria meal options
(United Kingdom)143

• Improved school meals (health and environmental
sustainability) using linear optimization, without negative
effects on food waste, consumption or cost (Sweden)144

• Randomised controlled field experiments nudging
conference participants to select a vegetarian default lunch
option (Denmark)145
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TABLE 6 Policy options to promote healthy and sustainable diets

Domain
Policy area47 (NOURISHING
framework) Policy recommendation Policy leadership

Food environment Nutrition label standards and
regulations on the use of
claims and implied claims on
food

• Integration of ecological principles in
federally implemented, mandatory
interpretive front-of-pack food
labelling schemes

• Warning labels on menus and displays
in out of home venues (e.g. Carbon
Footprint metrics, Ultra-Processed
Food Advisory Statement)

Federal government
Retail/hospitality setting

Offer healthy food and set
standards in public
institutions and other specific
settings

• Procurement policies for public and
private food service facilities (e.g.
health services, prisons, aged-care,
childcare, supported residential
services)

• Adequately resourced measures to
reduce and reuse commercial and
domestic food-related waste in line
with circular economy principles (e.g.
domestic and hospitality composting
options)

• Mandatory standards for food available
in schools and other learning
institutions (canteens and vending
machines) and in their immediate
vicinity

State government (to be
implemented by local
government)

Department of Health
Department of Education
School communities

Use economic tools to address
food affordability and
purchase incentives

• Tax on sugar sweetened beverages and
nutrient-poor ultra-processed foods

• Tax on foods produced using
production practices which deplete
natural resources, to incentivise
demand for foods produced using
regenerative production practices

• Targeted subsidies/discounts on locally
produced foods

Federal government
Independent retailers

Restrict food advertising and
other forms of commercial
promotion

• Restricted marketing of discretionary
and ultra-processed foods to children
(e.g. television, sports club
sponsorships, posters on public
transport, written and online
communication)

• Restricted marketing strategies (price,
placement, product, promotion) of
discretionary and ultra-processed foods
in retail settings

Federal government

Improve nutritional quality of
the whole food supply

• Reformulation of food products to
prioritise less processed options (e.g.
using the NOVA Framework to
incentivise food manufacturers to
focus on groups one, two and three
and minimise the production of group
four, the ultra-processed foods)

Food industry

(Continues)
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TABLE 6 (Continued)

Domain
Policy area47 (NOURISHING
framework) Policy recommendation Policy leadership

Set incentives and rules to
create a healthy retail and
food service environment

• Ensuring urban planning legislation/
requirements allow for equitable
access to healthy and sustainable food
(e.g. zoning regulations to prioritise
farmers markets, green grocers, social
solidarity supermarkets, bulk food
stores over retail outlets selling fast
food and ultra-processed foods)

• Incentivise commercial kitchens (e.g.
cafes and restaurants) to offer healthy
and sustainable menu options by
rewarding and promoting their efforts

Local government

Food system Harness supply chain and
actions across sectors to
ensure coherence with health

• Invest in governance structures to
engage multi-sectorial stakeholders
including the community from across
the food supply chain in healthy public
policy (e.g. regional food networks,
food policy coalitions, collective
impact approaches)

• Use public procurement policies to
increase accessibility to fair trade,
organic, locally produced (where
planetary boundaries are respected)
foods, ethically sourced Indigenous
foods and food produced through
regenerative agricultural practices

• Work across all institutional settings to
change food service provision (e.g. less
animal-derived foods and more plant-
based proteins on the menu, efforts to
minimise food-related waste) to support
social normative shifts

• Support urban agriculture in health
and planning policies

• Implement sustainable soil management
practices including measurement of
carbon stocks to support growth of plant
foods with optimal nutritional value
reduce atmospheric carbon.

Local, state and federal
governments

Food industry
Key stakeholders from
throughout the food supply
chain

Federal government

Behaviour change
communication

Inform people about food and
nutrition through public
awareness

• Integrate sustainability principles
within future iterations of Australia's
National dietary guidelines

• Reorient the dietetics workforce to be
equipped with skills and knowledge to
influence action across the food system
and contribute to these
recommendations

• Regular review of role statements to
inspire and support nutritionists and
dietitians to contribute to food system
transformation

• Public awareness campaigns and social
marketing interventions to promote
healthy and sustainable diet-related
practices

Federal government
International
Dietitians Australia
State governments

20 BARBOUR ET AL.
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TABLE 6 (Continued)

Domain
Policy area47 (NOURISHING
framework) Policy recommendation Policy leadership

Nutrition advice and
counselling in healthcare
settings

• Training resources to enable the
existing nutrition and dietetics
workforce to implement healthy and
sustainable food policy across various
settings and areas of practice (e.g.
British Dietetic Association's One Blue
Dot program, training on healthy and
sustainable food procurement and food
service practices)

• Professional development
opportunities to equip nutritionists
and dietitians to provide sound
nutrition advice and counselling which
considers the ecological outcomes of
dietary advice

• Development of education material
and consumer resources for the
general public on healthy and
sustainable diets

• Mandatory tertiary education on food
sustainability for the future nutrition
and dietetics workforce education32,151

(e.g. competency standards, stand-
alone units/modules relevant to the
various areas of dietetic practice,
integration of sustainability evidence
and principles across the entire
curricula)

Dietitians Australia
Accreditation bodies
Tertiary institutions

Give nutrition education and
skills

• Professionals involved in delivering
nutrition education and skills must
consider the environmental impact of
dietary behaviours, across the diverse
practice areas (e.g. hospitals, health
services, aged care, food industry,
primary production, schools, early
learning centres, recreation and
community centres)

• Training for stakeholders from the
hospitality, food procurement and food
service industries (e.g. caterers and
food service providers) in
incorporating sustainability principles
into food procurement, food service
practices and menus

• Dietitians and Nutritionists working
within the food industry can influence
practices throughout the supply chain
(e.g. procurement, manufacturing,
distribution, packaging to increase
public accessibility to healthy and
sustainable diets

Healthcare professionals
Hospitality, food procurement
and food service Industries

Food industry
Food supply stakeholders
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diets, and an overview of policy options to facilitate the
uptake of healthy and sustainable diets. The NOURISH-
ING Framework is intended to organise comprehensive
policy options across three domains – food environment,
food system and behaviour change – to promote healthier
eating.47 Table 6 presents an overview of existing policy
options to facilitate the uptake of healthy and sustainable
diets, as presented in the current literature, organised
according to the NOURISHING Framework.47

Dietitians have an important role to play in contribut-
ing to global sustainable development targets, specific to
and beyond efforts to transform our current food sys-
tem.20,21 This contribution relies on inter-sectoral collabo-
ration, particularly with those required to undertake the
most significant changes such as our food industry and
the agricultural sector. The perspectives and expertise of
Indigenous peoples is critical to effective governance and
policy-making related to healthy and sustainable food
systems. Based on Dietitians Australia's expertise, capac-
ity to influence action and positioning within this policy
area, the following four recommendations have been
prioritised.

1. The development of a comprehensive, adequately
resourced National Food and Nutrition Strategy which
honours Indigenous knowledges on food systems,
detailing a strategic plan to improve health, equity
and sustainability outcomes of our food system
(including policy options as presented in Table 6).

2. The prominent integration of ecological sustainability
principles in the next iteration of Australia's dietary
guidelines, to foster a population-wide demand for
healthy and sustainable food to trigger and support
change across the whole food system.

3. The reorientation of our food environment to prioritise
access to healthy and sustainable dietary food options,
including (i) a food labelling scheme which integrates
health and ecological outcomes, (ii) settings-based
approaches (e.g. food procurement policies for food ser-
vices, retail and public facilities) and (iii) supportive fed-
eral and state policy to facilitate local government action.

4. Investment in capacity building activities for our cur-
rent and future nutrition and dietetics workforce,
including more opportunities for Aboriginal and
Torres Strait Islander peoples to contribute to food
system transformation through collective partner-
ships, effective tertiary education and continuing pro-
fessional development.

It is critical that the opportunity is prioritised for
Aboriginal and Torres Strait Islander People to be
involved in the further development and translation of
these recommendations into practice and policy.

5 | FUTURE RESEARCH
OPPORTUNITIES

This position paper presents an overview of the current liter-
ature relevant to each of the three defined research questions,
to inform the development of policy recommendations for
Dietitians Australia and its members. The methods used to
develop this position paper were designed within the scope
of this project and have identified that future iterations of this
position paper should be founded on traditional systematic
or scoping review methodology.

This position paper identified some specific opportu-
nities for future research. For example, as described by
Lang, current evidence on sustainable diets suggests a
need to shift the focus away from simply producing more
food – the productionist mid-20th century policy vision -
towards changing the what and how food is produced
and consumed.152 Ridoutt and Huang advise that
research must prioritise efforts to demonstrate the envi-
ronmental impact of ultra-processed and non-core
foods.76,153 This evidence has largely been overlooked in
current reviews which have focussed on meat, dairy and
agricultural practices.153

In terms of dietetic involvement in this research, a
Delphi study identified that food systems, health and
nutrition promotion with the inclusion of planetary health
and sustainability perspectives should be considered a
research priority for our profession over the coming
decade.154 In developing this position paper, it is clear
that dietitians can continue to contribute to research
which will inform evidence-based policy action, as rec-
ommended in this position paper. For example, dietitians
can add to current research to identify opportunities and
challenges to influence food environments in the settings
in which they work, including reforms to food procure-
ment, food service and food retail settings policies and
practices, and influencing the food supply from within
the food sector. Another example, is to consider how
healthy and sustainable diets can be promoted through
effective food governance and collaboration on key policy
interventions such as Australia's National Preventative
Health Strategy and the National Obesity Strategy.155
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Abstract

Aim: The COVID-19 pandemic has disrupted the Australian food supply with

potential ramifications on food security. This scoping review aimed to syn-

thesise current evidence on the prevalence of food insecurity and changes to

factors related to food insecurity during the COVID-19 pandemic in Australia.

Methods: A comprehensive search strategy was used to search seven data-

bases (MEDLINE, CINAHL, Embase, Global Health, Cochrane Database of

Systematic Reviews, PsycINFO, Informit Online) and Google Scholar. Included

studies were written in English, published in 2020–2021 and examined food

security status in Australia during the COVID-19 pandemic and/or factors

associated with food insecurity in free-living Australian residents. Articles with

participants residing in institutional settings, where meals were supplied, were

excluded.

Results: A total of 700 records were identified from database, grey literature

and hand searching, and nine articles were included. All studies indicated that

the prevalence of food insecurity had increased due to negative changes to food

availability, accessibility, usability and stability. The downturn in employment

and economic circumstances following the onset of the COVID-19 pandemic

appeared to create a new group of food-insecure Australians consisting of

newly unemployed, and international students.

Conclusion: COVID-19 has exacerbated vulnerabilities in the Australian food

supply and food security. Suggested actions include ongoing data collection on

the long-term impact of COVID-19 on food supply and security in addition to

coordinated national and community responses that improve the stability of

the local food supply and address underlying determinants of food insecurity.
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1 | INTRODUCTION

The COVID-19 pandemic, alongside natural disasters
such as bushfires, cyclones, storms and floods occurring
in 2020, precipitated unprecedented social and economic
disruptions potentially exacerbating the prevalence of
food insecurity in Australia.1–5 Food security is defined as
consistent physical, social and economic access to suffi-
cient and safe food that meets nutritional needs and food
preferences.6 In addition to accessibility, other pillars of
food security include food availability, utilisation and the
stability of these factors to withstand climatic, economic,
social and/or political changes.6,7 Subsequently, food
insecurity occurs when one or more of these domains are
not met temporarily or in the longer term.7 The tempo-
rary disruption to food supply chains in 2020 may have
led to compromises in nutrition, food preferences and
forced acculturation due to decreased availability and
accessibility to locally produced and imported food
products.3

The response to COVID-19 by the Federal govern-
ment involved closing international borders and intro-
ducing mandatory quarantine for returning Australian
citizens.8 Lockdown protocols, behavioural restrictions
and border regulations varied between the States and
Territories. Western Australia has been the least locked
down state (12 days) but maintains closed borders when
eastern states have experienced COVID-19 outbreaks,
whereas Melbourne, Victoria, has been the ‘world's most
locked down city’ (262 days).9,10 In New South Wales,
there was an initial lockdown, and targeted lockdown in
Sydney Northern beaches in December 2020, then a
107-day lockdown in 2021 following the arrival of the
Delta variant in Sydney.11,12

Employment and income have been significantly
impacted by COVID-19 with underemployment reaching
a historic high of 13.8% in Australia, the equivalent of 1.8
million people working reduced hours or becoming
unemployed.4 Between March and June 2020, a 5.7%
reduction in the number of payroll jobs occurred.13 In
response, the Federal Government provided JobKeeper
payments to help businesses pay their employees, and
the Coronavirus Supplement for eligible recipients in
addition to regular income support payments.14,15 The
Coronavirus Supplement rate of $550 per fortnight
almost doubled the maximum JobSeeker payment rate
until September 2020 when it was reduced to $250 per
fortnight, and then again in January to $150 per fort-
night.16,17 The JobKeeper rate similarly decreased from
$1500 fortnightly to $1000. By the end of March 2021,
JobKeeper and the Coronavirus Supplement ceased,16

but JobSeeker payments remain available for the unem-
ployed albeit the loss of the Coronavirus Supplement

made payments barely above the poverty line (defined as
50% of median household income).18,19

Collective changes in employment, income and food
supply during COVID-19 are expected to have amplified
the prevalence and extent of food insecurity and affected
population groups that were not affected previously.6

Food insecurity in Australia has historically been associ-
ated with food prices, and socioeconomic or cultural
disadvantage.20–22 Prior to COVID-19, the prevalence of
food insecurity in Australia has been estimated to be 4%
to 14% in the general population and up to 82% in vulner-
able groups being similar across the country.20–31 This
represents at least one million Australians experiencing
food insecurity pre-COVID-19.23 It is also highly likely
that the single-item question assessing food insecurity
underestimates the level of food insecurity by more than
5%.32,33

Recent trends have predicted an increase in the prev-
alence of undernourishment in Australia and
New Zealand from 5.8% in 2019 to 7.0% in 2030 (equiva-
lent to 2.4–3.4 million) without accounting for the impact
of the COVID-19 pandemic.6 The predicted rise in the
prevalence of food insecurity is particularly concerning
for those vulnerable prior to the pandemic such as people
living in rural and remote areas, Aboriginal and Torres
Strait Islander people, people experiencing homelessness,
single-parent households, people with a disability, the
elderly, the immunocompromised and those relying on
welfare payments.21

Food insecurity is associated with poor diet quality,
obesity, reduced short and long-term health status, and
higher mortality rates adding to individual suffering and
the financial burden on healthcare services.6,20,22,34–36

Therefore, this scoping review aimed to examine and
synthesise the emerging evidence base on the impact of
COVID-19 on the prevalence of food insecurity in Austra-
lia and the factors related to changes in food insecurity
that have occurred.

2 | METHODS

The scoping review was conducted according to the
Joanna Briggs Institute methodology for scoping
reviews38 and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Extension for
Scoping Reviews Checklist.39 The review protocol has
been published on the Open Science platform https://osf.
io/zdp58/.

A preliminary search of medical databases and review
registries yielded no current or underway scoping or sys-
tematic reviews on the concept of COVID-19 and food
insecurity in Australia. As this was a new and emerging
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topic, it was determined that a scoping review would be
most appropriate to map the types and volume of avail-
able literature on the concept, determine current knowl-
edge gaps, and provide an overview of evidence to inform
future studies and/or systematic reviews.37

The following questions were used to guide this
review: (i) What is the prevalence of food insecurity in
Australia during the COVID-19 pandemic? (ii) What
changes in food security have occurred in Australia dur-
ing the COVID-19 pandemic? (iii) What factors have
influenced these changes? The search strategy aimed to
identify published and unpublished primary studies,
reviews and reports according to the three-step strategy
recommended by the Joanna Briggs Institute. An initial
search was conducted to identify relevant articles in
MEDLINE (PubMed) and CINAHL (EBSCO). Based on
keywords and phrases identified in the initial search, a
full search strategy was developed for MEDLINE
(PubMed) with assistance from a research librarian. A
full search in the selected databases was conducted on
the 4th of April 2021 using all identified keywords and
index terms. Key terms related to all aspects of food secu-
rity were included for comprehensive results. The search
strategy, keywords and index terms were adapted for
each information source. Online supplementary file I
contains the search strategies utilised in MEDLINE.
Finally, reference lists of selected articles were screened
for additional papers. The language of included publica-
tions was limited to English and the publication year was
set to 2020 and onwards since the aim was to map evi-
dence on the impact of COVID-19. The publication year
limit was not applied when searching the Google Scholar
database to prevent false exclusion since articles do not
always have a publication year.

Electronic databases searched included MEDLINE
(via Ovid), CINAHL (via EBSCO), Embase (via Ovid),
Global Health (via Ovid), Cochrane Database of System-
atic Reviews (via Ovid), PsycINFO (via Ovid) and
Informit Online. Unpublished studies and grey literature
were searched using Google Scholar.

This review included studies on free-living individuals
residing in Australia from 2020 onwards. This included
people who may not be Australian citizens such as those
born in foreign countries who entered Australia for ter-
tiary education or extended travel prior to the travel ban
on the 20th of March 2020. There were no restrictions on
age, sex, employment, socioeconomic status or education.
Studies that examined food security status in Australia
during COVID-19 were included. The concept of food
security encompassed the four domains of food security
(food accessibility, affordability, availability and stability)
as well as acceptability, nutritional requirements, food

preferences and access to culturally appropriate foods.
Food preferences and culturally appropriate foods were
included for their importance in attaining an inclusive
and culturally relevant understanding of food security
within the multicultural Australian context. Factors asso-
ciated with food security such as education, food prices,
household structure, income and food environment were
also included. This review considered studies based on
the Australian community at large and excluded
institutionalised settings where food was provided such
as aged care homes or hospitals, to focus on free-living
individuals. All study designs (quantitative, qualitative
and mixed method), systematic reviews and grey litera-
ture (excluding news articles and opinion pieces) were
considered.

All citations from the full search were imported into
EndNote X9.2 (Clarivate Analytics, PA, USA). After
removing duplicates, two independent reviewers
screened the titles and abstracts against the inclusion
criteria. Full texts for potentially relevant papers were
retrieved and screened by both reviewers. Reasons for
excluding studies that did not meet the inclusion criteria
were recorded. Any disagreements between two
reviewers at each stage were resolved through discussion
or consultation with a third reviewer.

A data charting form was developed for this review and
used to extract data from included papers. Extracted data
included citation, participant sample and characteristics,
study aims, research design, data collection and analysis,
primary outcomes (i.e. prevalence of food insecurity) and
secondary outcomes (i.e. factors associated with food inse-
curity) and study limitations. The data extraction tool was
used iteratively and modified throughout data extraction as
needed. Both reviewers extracted data for all included stud-
ies independently then compared and discussed the data to
resolve discrepancies.

Key demographics and findings for all included stud-
ies were summarised in tables. For qualitative findings, a
thematic analysis was conducted. Themes from the
review questions guided the approach with additional
themes identified during analysis of the papers. Findings
were presented in a tabular form. Representative quota-
tions were selected by two reviewers and presented the-
matically. A descriptive summary of all studies was
created to report the impact of COVID-19 on food secu-
rity in Australia during the pandemic.

3 | RESULTS

The full search identified 689 articles from databases
(n = 360) and grey literature (n = 329), and 11 articles
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from the reference lists of included studies (Figure 1).
After removing duplicates, the titles and abstracts of the
remaining 692 citations were screened, then the
remaining 23 articles were screened in full text. Nine
studies were included in the final synthesis. Reasons
for exclusion after full-text screening are listed in the
PRISMA flow diagram (Figure 1) and online supplementary
file II.

Table 1 depicts the study (aim, study design, data col-
lection methods) and demographic characteristics of par-
ticipants such as sample size, age and gender. The
majority of the included studies were from Victoria
(n = 3)40–42 followed by New South Wales (n = 2),43,44 all
states (n = 2),45,46 Tasmania (n = 1)47 and Western
Australia (n = 1).48 Study participants included food
relief providers (n = 4),40,41,43,45 Aboriginal community
members (n = 1)44 and the general Australian population
(n = 5).42,45–48 Sample sizes ranged from 4 to 1170
participants.

Of the included studies, there were three each of
qualitative,42–44 quantitative40,41,47 and mixed-method
study designs45,46,48 (Table 1). Two studies employed a
longitudinal design where data were collected at multiple
time points.45,48 Mixed-method studies combined cross-
sectional or longitudinal surveys with a qualitative
method.45,46,48 All studies were conducted in 2020 and
published between 2020 and 2021.

The most common quantitative data collection method
was self-administered cross-sectional surveys with open
and closed questions (n = 5).40,41,45–47 The most common
quantitative variables measured were the prevalence of
COVID-related job changes and income loss,40,45,47,48 prev-
alence of those receiving government welfare
payments,40,41,45,47,48 proportion of respondents reporting
changes to food relief access40,41,45,48 and sociodemographic
characteristics of the food insecure.40,41,45–47 Only two stud-
ies quantitatively measured the prevalence of food insecu-
rity using the validated USDA six-Item Short Form
Household Food Security Survey Module (HFSSM) or a
single item measure (‘In the last 12 months, was there any
time you or anyone in your household ran out of food and
did not have enough money to purchase more?’).45,47

Participants responded based on their experience in the
previous 30 days in one study47 and the past 12 months
in the other.45 Two studies asked participants about
the impact of COVID-19 on psychological health
however no standardised survey tool was used to measure
this.45,48

Semi-structured interviews were the most common
qualitative method used (n = 4)43,45,46,48 followed by online
workshops (n = 1)42 and focus groups (n = 1).44 Qualitative
measurements of food insecurity involved all domains of
food security: food availability,42,43,45 accessibility,42,43,45,46,48

affordability,42–45,48 stability,43,48 acceptability,42,45 utilisation/

Records identified from:
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PsycInfo (n = 1)
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abstracts)
(n = 353)

Records excluded
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Reports sought for retrieval for 
full text screening
(n = 8)
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Reports assessed in full text for 
eligibility 
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nutritional requirements,42,45,46 food preferences42,45 and cul-
tural appropriateness.43

Study findings are listed in Table 2 and include the
prevalence of food insecurity based on the domains of
food security and secondary outcomes: COVID-19-related
job and income changes and sociodemographic factors
related to changes in food security.

Two studies quantitatively measured the prevalence
of food insecurity; the Kent et al. study which used a
modified version of the six-item US Household Food
Security Survey Module to survey 1170 Tasmanian adults
and the Foodbank report which involved a cross-
sectional survey and five pulse surveys with 1001
members of the Australian public and food relief organi-
sations.45,47 Both reported higher percentages of food
insecurity in Australia during COVID-19 compared to
prior to the pandemic.45,47 Kent et al. reported the preva-
lence of food insecure Tasmanian adults to be 26%
between late April and early June 2020 with 10.1% and
3.7% in the low and very low food secure categories,
respectively.47 Fourteen percent of respondents were
experiencing severe food insecurity and were regularly
running out of food, going hungry and unable to afford
balanced meals in the previous month.47 This was sub-
stantially higher than pre-pandemic levels which were
6.2% in Tasmania and 4%–14% nationally, although the
prevalence in Kent et al. study was measured by using a
six-item tool and the prevalences prior to the pandemic
were derived from a single-item question.31,47,49 How-
ever, Kent et al. assert that when asked the same single
item question in her study the response indicated more
than 20% were food insecure.47 Despite using a single
item measurement tool prone to underestimation,50

Foodbank found the prevalence of food insecure
Australians going a day without food at least once a week
to be even higher at 43% in 2020 compared to 30% in
2019.45

A demand and supply imbalance caused by a large
increase in demand for food resulted in widespread
unavailability of food.40–48 Physical access to food outlets
and food relief was found to be impaired in rural
areas.40,42 At the beginning of the pandemic (June –
September 2020), studies conducted by Whelan et al. and
Follent et al. noted an increase in food prices in rural
Australia and Aboriginal NSW settings representing a
reduction in food affordability for Australians living in
these geographical areas who may have already been
experiencing financial challenges.42,44 In response, con-
sumers stockpiled and shopped more frequently which
added to the demand on food providers.42 Stockpiling
and limits on the quantity of a product able to be pur-
chased in a single transaction hindered the access to
food, especially for larger families, low-incomeT
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households and/or rural residents.47 Strategies used to
cope with changes in food security in rural areas included
eating less, buying cheaper foods, liaising with others to
shop for them, shopping online, accessing food banks or
government assistance, or buying smaller quantities of
food at a higher unit price.42

In addition to food-insecure populations previously
noted the COVID-19 pandemic saw new demographics
experiencing food insecurity for the first time. Four stud-
ies noted rising numbers of international students, people
from casual/unstable industries, and those who lost jobs
due to COVID-19 experiencing food insecurity and seek-
ing food relief more frequently during the pandemic
(Table 2).40,41,43,45 Two studies also reported an increase
in children experiencing food insecurity and accessing
food relief during the pandemic.40,46

Food relief organisations reported their operations
being negatively impacted by COVID-19 and difficulties
coping with demand.40,41,43,45 Foodbank,45 a major food
relief organisation, reported a 61% increase in Australians
accessing food relief since COVID-19 with 31% seeking
food relief at least once a week in 2020 compared to 15% in
2019 with similar findings from two other studies.40,41 One-
third of previous food relief recipients opted not to access
food relief during the pandemic and food insecure people
and families did not always access relief when
needed.40,41,48 COVID-19 also necessitated changes to oper-
ations by emergency providers that included closures dur-
ing lockdowns, reducing operating hours, phone
assessments and providing take-away to minimise social
interaction while serving more people.40,41,43,45 Some

organisations extended operating hours but this was less
common.40,41 Despite these changes, about half of the users
of food relief organisations in the 100 Families study in
Western Australia indicated that their access was stopped
during COVID-19 and services no longer met their needs
the same as pre-COVID-19.48

A reduction in quantity and quality of food available
at food outlets and food relief providers reduced the
ability to eat balanced meals that met nutritional
requirements or cultural food preferences during the
pandemic.40,41,43,47 Nearly, half of the food relief agen-
cies were unable to provide sufficient food in each of
the five food groups (e.g., 44% reported insufficient
quantities of vegetables).41 Many food relief agencies
reported difficulties in sourcing quality foods (55%),
foods for special dietary requirements (29%) and cul-
tural groups (23%).40,41

Table 2 also shows the factors influencing the changes
in food security status during the pandemic which
included government restrictions, changes to food sup-
pliers and supply logistics, fear of COVID-19 transmis-
sion, product limits, COVID-related job and income
changes, cost of living, receiving government financial
support, difficulties accessing welfare or food relief, and
stigma associated with food banks.40–48

Changes in employments such as becoming
retrenched, unemployed or having reduced work hours,
and income changes appeared to be major drivers of
food insecurity during COVID-19.47,48 Experiencing a
COVID-related job change increased the odds of food
insecurity by 75% compared to those who had not,

TABLE 3 Themes that show the changes in food security, contributing factors and effects of the changes among Australians during

COVID-19 from studies using a qualitative approach

Themes Brown et al.46 Callis et al.48 Craven and Meyer43 Follent et al.44 Foodbank45 Whelan et al.42

Food supply and
demand imbalance

√ √ √ √ √ √

Increase in food prices √ √ √ √

Cost of living √ √

Fear of COVID-19 or running
out of food

√ √ √

Feeling shame and/or
embarrassment accessing
food relief

√ √

Impact of at-home learning
on food security

√

Demographic changes in
the food insecure

√ √ √ √

Impact of government
welfare payments

√ √

Coping mechanisms √
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TABLE 4 Selective quotations to show the changes in food security, contributing factors and effects of the changes among Australians

during COVID-19 from included studies

Themes Quotations from articles

Food supply and demand imbalance ‘Increase in demand for our food relief meant donated surplus food was insufficient
to meet demand. We have been purchasing fresh food from a local wholesaler for
the past month to supplement donated surplus food’. (Food relief provider,
Victoria)41

‘…the channels from which you [customers] could get food had diminished, so
supermarkets became the main outlets for that and in addition to that and because
of the panic buying, people were filling their pantries and buying more product’.
(Supermarket manager, Victoria)42

Increase in food prices ‘Increase in government payments has resulted in the one and only shop in
community providing food jamming their prices up. The price of food and water is
beyond compare when you are paying $10 for a loaf of bread. Because of COVID-
19, people do not want to come into town to do their shopping’. (Aboriginal
community member, NSW)44

‘Because the state of Victoria was declared a disaster so all food from food bank
Victoria was diverted to Red Cross for emergency hampers. This left much of the
pasta and ambient goods that we were normally able to access unavailable for food
aid agencies. We had to purchase these products through other means, thus
putting budgets under pressure’. (Food relief provider, Victoria)40

Cost of living ‘Rents have increased locally keeping the situation very similar’. (Food relief
provider, Victoria)40

Fear of COVID-19 transmission ‘When Geelong was in the first and second wave, [agency] began a meal delivery
service to ensure those that needed meals received them. Many of our clients that
attend the community meal stayed home, instead of coming to the foodbank due
to fear of COVID. In the beginning, we had to close for about 3 months’. (Food
relief provider, Victoria)40

Feeling shame and/or embarrassment
accessing food relief services

‘(Sometimes I do not seek food relief even if we have run out) because it's kind of
embarrassing. I feel embarrassed and like I'm not a good enough parent because I
cannot afford food’. (Single mother, SA)45

‘What we are seeing is they cannot be the breadwinner in the home and they cannot
feed their families and they feel really bad not being able to provide for them. We
have seen a lot more coming in and asking for it. They're really embarrassed about
asking for it, and that's really sad. It's really hard for men to come and ask, women
find it easier’. (Founder of Survivors R Us, NSW)45

At home learning and reduced access to
school breakfast programs

‘Children we work with also receive their breakfast from school, as they do not
receive this at home, although not an educational requirement, these support
structures that traditional schooling provides equip a child's opportunity to learn’.
(Non-Government Organisation, Australia)46

‘Some (families) that are really struggling because they have got no work…They will
be really, really under the pump to provide food for their children because they
have got to still pay for the basics. And when you have got children under your
feet and at home all day, they eat a lot more than when they are at school’.
(School-based staff, Australia)46

Demographic shift: Emerging food insecure
groups

‘We started to see another layer on top of our regular clients, of people who had not
accessed food relief before and were doing okay before the pandemic. Some had
two working people in their families and then they no longer had jobs… because
they were thrown into that situation, the levels of anxiety and fear rose, people
were very worried…’ (Reservoir Neighbourhood House, Victoria)45

‘It's been very, very hard times, since May this year. I was doing my master's in
information technology and I'm spending almost $70 000 on university for 2 years.
I graduated in mid-July and have not been able to find employment since then…
and I do not know who to ask or who to approach, because I'm not eligible for any
kind of funding from the government… My parents have supported me until now.
It's really hard for them to support me now… this was the first time I've had to
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resulting in significantly more of these people in low and
very low food security groups.47 Independently of other
factors (including household income), COVID-related
income loss was associated with a significantly increased
risk of food insecurity.47 Some people were recently
employed or received more working hours due to
COVID-19-related demand; however, this proportion was
much smaller (lower than 15%).48

Regarding the effectiveness of the government sup-
port payments for alleviating financial stress and food
insecurity, some Australians found it helpful but there
were concerns about how to cope with the situation
after payments end.40,41,43,45,48 The type of government
payments appeared to be a factor. Those receiving the
JobKeeper payment were 20% more likely to be food
insecure and those receiving JobSeeker were 3.5 times
more likely to be food insecure than employed people
who were not receiving financial benefits.47 Among
JobSeeker recipients, 25% experienced marginal food
security and a further 27% experienced low and very
low food security.47

From the two studies measuring sociodemographic
factors (n = 2671), increasing age was protective against
food insecurity with the odds of experiencing food inse-
curity reducing by 16% with every decade of life.45,47

There were significantly more Aboriginal and Torres
Strait Islander people, people with a disability, perma-
nent and temporary residents, single-person households
(never married, separated or single parents), low-
income households (less than AUD 40 000 per year)

and people residing in rural areas experiencing mar-
ginal, low or very low food security than their counter-
parts.47 Notably, food insecurity was still evident in
respondents with the highest incomes (above AUD
100 000 per year).47 No significant difference was found
between sexes in food-secure categories but more
females reported very low food security (4%) than males
(1%) in one study only.47

The themes synthesised from studies using a qualita-
tive approach are listed in Table 3 and included nine
themes: food supply and demand imbalance, rising food
prices, cost of living, fear of COVID-19 and running out
of food, feeling shame and/or embarrassment accessing
food relief, impact of at-home learning on food security,
demographic changes in the food insecure, impact of
government welfare payments on food security, and
coping mechanisms. Table 4 presents representative
quotations from studies that used qualitative approaches
and open-ended questions to investigate the impact of
COVID-19 on food security.

4 | DISCUSSION

The findings of this review indicate increases in the prev-
alence of food insecurity in Australia since COVID-19
highlighting the vulnerability of the Australian food sys-
tem and the urgency to address risk factors contributing
to food insecurity.40–48 COVID-19 has had profound
effects on food supply and demand resulting in negative

TABLE 4 (Continued)

Themes Quotations from articles

worry about food. I came to Australia in July 2018, and before that, I was living in
India with my parents. It's a first for me.’ (Recently graduated international
student, Victoria)45

Impact of government welfare payments ‘Well it's made it a lot easier, I can feed the girls a lot better, I have been able to
supply more balanced meals’. (Food insecure family member, WA)48

‘We received additional funding due to impact of COVID. We have had more
funding for the purchase of emergency food from local government and
philanthropy but have lost income from our traditional voucher system as
referring agencies have closed operations and lost income from their op shops, etc.
We have received less general donor and local business support’. (Food relief
provider, Victoria)40

Coping mechanisms ‘I think it's because I had a bit more time and there's been a lot of talk about food
recipes, so it's probably just motivated me’. (Rural supermarket customer,
Victoria)42

‘I remember going in when Covid started and there was absolutely none [chocolate]
of them were on offer and I suppose that's good because. .. you probably should
not eat it, but you know, you have got [to] treat yourself sometimes and I noticed
that none of them were on offer and I did not actually buy any’. (Rural
supermarket customer, Victoria)42
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changes to all food security domains including physical
and social accessibility, affordability, availability and
stability.40–48

The government-enforced travel restrictions, border
closures and lockdowns disrupted food transport and
supply, and food agencies reported these limited physical
access and availability of nutritious and acceptable
food.40–48 Consumers began stockpiling food due to stay-
at-home restrictions and shopping more frequently which
compounded access problems that impacted the food
security of Australians across all income
brackets.40,42,45,47

Multiple economic barriers to food security during
COVID-19 were identified and included higher food
prices, no price promotions aimed to incentivise cus-
tomers to purchase certain food products (e.g., discounts)
and job or income changes. The association between
unemployment and/or low income with higher food inse-
curity is consistent with studies conducted in the
United States and Canada.47,51–53 In the United States,
31% of those who had become unemployed due to
COVID-19 in February 2020 were food insecure, and sub-
sequently, 33% of these individuals ate less due to finan-
cial constraints.53 In households where there was more
than one member who lost their job or income, 72% were
food insecure (59% if only one household member lost a
job or income).52 In Canada, nearly 25% of job-insecure
individuals experienced food insecurity.51 Changes in the
food environment and financial security are therefore
likely to contribute to impaired financial access, availabil-
ity and affordability of food and subsequently food
security.

Due to the physical and financial barriers to food
access, the ability to consistently obtain preferred food of
sufficient nutritional quality was reduced.40,41,44,45

Lower-income individuals were forced to buy cheaper
and often less nutritious options because they were
unable to stockpile or purchase expensive alterna-
tives.44,45 In Victoria, the percentage of people relying on
lower cost, less nutritious food options in May/June 2020
(23%) significantly decreased by the second wave of the
pandemic in September 2020 (18%) suggesting that the
financial ability to purchase food may have improved
over time.54

This improvement could be related to the increase in
income support payments in 2020 with some government
welfare recipients, who were previously food insecure,
finding the payments enabled them to afford enough and
better quality food explaining why some previous food
relief recipients withdrew from the food relief ser-
vice.40,43,48 A survey conducted by the Australian Council
Of Social Service in May 2020 similarly reported that
more than 80% of respondents could eat more regularly

and 93% could afford fruit and vegetables when receiving
the full coronavirus supplement.55 The reduction in food
insecurity in recipients of unemployment insurance was
also observed in a longitudinal study conducted in the
United States during the pandemic.56

For those who did not find government payments
helpful, reasons included needing more financial assis-
tance, ineligibility and difficulty to apply so they
remained or became food insecure.40,41,43,45,48 Cost of
other living expenses such as rent, mortgages and medi-
cal costs was commonly cited as a reason for being
unable to afford food.40,41,43,45,48,55 It was reported that
almost half of adult Australians were drawing on finite
financial resources to manage household expenses reduc-
ing the money available for food.57 This adds to the argu-
ment that higher income, which was associated with
higher food security prior to the pandemic, continues to
be protective against food insecurity by alleviating total
living costs.47

A primary response to food insecurity in Australia
has involved a reliance on food relief charities. COVID-
19 has exposed the fragility of the food relief system as
most food relief providers struggled to meet the increased
demand with a diminished food supply.40,41,43,45 This
stems from their reliance on donations from supermar-
kets or larger food banks who were experiencing their
own supply issues.40,41,43 The access to food relief was
hindered by eligibility requirements, difficulties in
accessing online service updates, physical distancing
restrictions, capacity limits, and closure of businesses and
home deliveries.40,48 Dramatic reductions in staff num-
bers, especially older volunteers who preferred to stay
home due to increased susceptibility to COVID-19, had a
major impact on food relief organisations being able to
operate effectively and efficiently.41 Food relief providers
also experienced difficulties acquiring good quality food
and appropriate food for dietary and/or cultural require-
ments which may exacerbate inequalities particularly for
low income and ethnic minority groups.40,41

Despite increased need, some food insecure
Australians chose not to seek food relief.45,48 This could
be a result of stigma associated with food assistance since
common concerns about accessing food relief voiced by
respondents included thinking others needed it more,
embarrassment or shame.45,48 Overall, the reduction in
food quantity and quality, operational changes and com-
promised access to food relief may explain why a low per-
centage of recipients reported that the services met their
needs.40,41,43,48

COVID-19 has exacerbated existing social inequities
and created economic vulnerability for people who were
previously food secure and are now experiencing income
losses. During COVID-19, there was an increase in food
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insecurity for international students, workers from casual
or unstable industries, and the newly unem-
ployed.40,41,43,45 International students became more vul-
nerable during COVID-19 due to their ineligibility for
government welfare, reduced financial support from fam-
ily, and loss of part-time work.45 Most casual workers
were greatly impacted by COVID-19 and had less entitle-
ments and working hours.45,47 This may also explain the
correlation between increased age and lower odds of food
insecurity as older age groups are less likely to belong to
these newly food insecure groups.45,47 The potential
increase in food insecurity among children could be
attributed to school closures stopping access to free meals
from school breakfast programs and only half of family
members with children in the 100 families project being
eligible for COVID-19 supplement payments.46,48

A strength of this scoping review is the synthesis of
qualitative and quantitative evidence and inclusion of
multiple perspectives including those from vulnerable
groups. Findings of this review can be used to inform fur-
ther research. Furthermore, the search strategy consid-
ered the multi-dimensional nature of food security
enabling a comprehensive assessment of food security.
This review also has some limitations. The number of
studies located is small and diverse which makes general-
isation difficult. For an even wider scope of grey litera-
ture, Google could also be searched. Due to the need for
rapid responses and social distancing, convenience sam-
pling and online data collection methods were used in
some studies which may have introduced bias and
prevented those without internet access from participat-
ing. In addition, as the search for articles to be included
in the review was conducted at a single point in time, the
findings reflect the state of food security at that time
point so further investigation is recommended.

In conclusion, the increasing prevalence of food inse-
curity in Australia during the COVID-19 pandemic has
highlighted vulnerabilities in the Australian food system
and the urgent need to address factors contributing to
food insecurity. Many casual workers and international
students became food insecure for the first time due to
the loss of income during COVID-19. Coping with food
insecurity by purchasing cheaper but unhealthy food
emphasises the importance of having sufficient nutritious
food to achieve genuine food security. Since the pan-
demic is still occurring, further data collection of food
security in Australia is vital to understand the prevalence
and extent of food insecurity experienced at different
stages of the pandemic. Future research should focus on
changes to, and factors affecting, food security in newly
food insecure groups, the impact of COVID-19 on diet
quality, coping strategies for food insecurity, and the
association between mental health and food security. In

the short term, food aid providers would benefit from
increased financial support for maintaining a sufficient
food supply, better storage facilities, or mobile foodbanks
to improve food access and availability. Food relief orga-
nisations could also implement strategies to increase the
awareness of their services, reduce stigma and restore
dignity to recipients.45 Long-term strategies that address
underlying factors of food security could involve policies
that improve financial resources such as secure employ-
ment opportunities that pay living wages and sufficient
welfare payments.23,47 Finally, collaborations between
communities and governments to create resilient urban
and rural food environments are necessary for a food
secure nation.47
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Abstract

Aim: The aim of this systematic review was to examine the literature regard-

ing rural healthcare delivery for women with any type of diabetes in preg-

nancy, and subsequent maternal and infant outcomes.

Methods: Eight databases were searched in September 2020, including

Medline, EMCare, CINAHL, EMBASE, Maternity and Infant Care, Cochrane,

Rural and Remote Health and Aboriginal and Torres Strait Islander Health

bibliography. Studies from high-income countries in rural, regional or remote

areas with interventions conducted during the antenatal period were included.

Intervention details were reported using the template for intervention descrip-

tion and replication template. Two reviewers independently assessed for risk

of bias using the RoB2 and ROBINS I tools.

Results: Three articles met the inclusion criteria: two conducted in Australia and

one in the United States. A multidisciplinary approach was reported in two of the

included studies, which were modified specifically for their respective rural set-

tings. All three studies reported rates of caesarean section, birthweight (grams)

and gestational age at birth as maternal and infant outcomes. One study was con-

sidered at moderate risk of bias, and two studies were at serious risk of bias.

Conclusion: There is a significant gap in research relating to healthcare deliv-

ery for women with diabetes in pregnancy in rural areas. This lack of research

is concerning given that 19% of individuals in high-income countries reside

rurally. Further research is required to understand the implications of

healthcare delivery models for diabetes in pregnancy in rural areas.
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1 | INTRODUCTION

Diabetes in pregnancy (DIP) is one of the most common
conditions experienced in pregnancy.1 It refers to preg-
nant women with a diagnosis of either type 1, type 2 or
gestational diabetes mellitus (GDM). Globally, in 2019,
an estimated 20.4 million or approximately 16% of births
were adversely affected by DIP.2 Of these, 84.6% were
classified as GDM, 7.9% were from diabetes detected
before pregnancy including type 1 or type 2 diabetes
mellitus and the remaining 8.5% were diabetes types
apart from GDM (including type 1 and type 2 diabetes)
that were first detected in pregnancy.2 GDM is the most
rapidly rising diabetes category in Australia, with rates of
diagnosis tripling over the last decade from 5% in 2008–
2009 to 16% in 2017–2018.3,4 In 2015, type 1 and 2 diabe-
tes mellitus in pregnancy accounted for approximately
1% of all cases of DIP.5

Suboptimal glycaemic control in pregnancy is associ-
ated with an increased risk of a range of adverse maternal5

and infant outcomes.5–7 This disease burden extends past
the perinatal period, with women who experienced GDM
having a seven-fold increased risk of developing type 2 dia-
betes mellitus, typically within 5–10 years of their diagno-
sis.8,9 The risk of both short- and long-term adverse
outcomes can be minimised through the comprehensive
management of DIP.10–14 A reduction in adverse outcomes
has been achieved in intervention studies with a focus on
optimising glycaemic control through dietary advice, self-
monitoring of blood glucose levels and pharmacotherapy
as required.12,13 A randomised controlled trial of usual
care (n = 473) and specialised treatment (n = 485) for
mild GDM showed significant reductions in birthweight,
rates of shoulder dystocia, and caesarean delivery in the
treatment group compared to the control.13

Internationally, management guidelines for DIP focus
on the goal of strict glycaemic control with some varia-
tion in recommendations according to diabetes type and
by country.14–18 However, there are similarities in the
recommendations in developed countries.14–18 The first is
the recommendation of close monitoring and regular
contact with a specialist multidisciplinary team of allied
health and medical professionals before deliv-
ery.14,15,17,19,20 Second, women should be referred to a
dietitian for individualised and culturally appropriate die-
tary advice,14,15,17 and for those with GDM, this should
occur within 1 week of diagnosis.16,18 Self-monitoring of

blood glucose levels is recommended for women with all
diabetes types throughout pregnancy.14,17,18 Lastly, medi-
cation initiation is to occur in women with GDM where
blood glucose targets are not met with lifestyle change
alone,14,16,17 and insulin therapy is likely required in
women with pre-existing DIP.15–17

It has been well established that access to health ser-
vices is limited for people living in rural and remote areas
compared to those in metropolitan areas.3,21 There were
only 11 doctors per 10 000 people in non-metropolitan
America in 2018, compared to 31 per 10 000 in metropoli-
tan areas.22 In 2017–2018, the number of full-time equiv-
alent clinical specialists was 143 per 100 000 population
in major cities in Australia, compared to 22 per 100 000
in very remote areas.21 This deficit extends to maternal
health services globally.23,24 The lack of specialised
healthcare in rural areas contributes to the increased risk
of adverse maternal and perinatal outcomes.24–27 This
risk increases further for women with DIP in rural areas,
with 37.6% of babies born pre-term to mothers living in
remote or very remote areas in Australia with DIP, com-
pared to 17.8% of babies in major cities.5

The limited number of health professionals in rural
areas relative to metropolitan areas means that
metropolitan-based models of care may not be feasible in
rural areas. However, there is a lack of research investi-
gating the healthcare accessible to women with DIP in
rural areas.28 The disparity may be magnified when
high-income countries, such as Australia and the United
States, are compared to low- to middle-income countries,
where lack of clinician expertise and resources result in
further deficiencies in the diagnosis and management of
DIP.29–31 Previous studies investigating models of care
have used cross-sectional methods such as surveys, with
a lack of reporting on detailed model of care processes
and subsequent health outcomes.32–34 To date, there has
been one review with a target population of women with
pre-pregnancy diabetes mellitus.7 This review addressed
exposures and subsequent outcomes and focused on
Australian studies only.7 There are no known systematic
reviews investigating healthcare delivery for women
with DIP in rural areas. Therefore, the aim of this sys-
tematic review was to identify and describe the current
characteristics of healthcare delivery models of care
internationally for women with DIP in rural areas, and
describe the relationship with maternal and infant
health outcomes.
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2 | METHODS

The protocol for this review was registered with PROS-
PERO International prospective register of systematic
reviews [CRD42020209956]. A search strategy was devel-
oped in consultation with a research librarian. Key sea-
rch terms relating to diabetes and pregnancy and rural,
regional or remoteness were used. Limits included the
English language and papers published from 1990
onwards. This year was chosen as a cut off so that inter-
ventions reflect recent management recommendations in
line with DIP research and technology developments,
such as self-monitoring of blood glucose levels.35,36 An
initial systematic search of eight databases was conducted
in September 2020. Databases searched included Medline
(Ovid), EMCare (Ovid), CINAHL (EBSCOhost), EMBASE
(Ovid), Maternity and Infant Care (Ovid), the Cochrane
Library, Rural and Remote Health (Informit) and Aborig-
inal and Torres Strait Islander Health bibliography
(Informit). The reference lists of included articles were
hand searched to identify any additional studies that met
the selection criteria. The full Medline search strategy is
available as Appendix I (online supplementary material).

Studies were considered for inclusion if the target popu-
lation was women with type 1 or type 2 diabetes mellitus in
pregnancy or GDM. Any intervention conducted or observed
in a regional, rural, remote or otherwise defined non-
metropolitan setting by the study’s authors and in a high-
income country as defined by the World Bank (2019) was
included.37 The search was limited to high-income countries
so that healthcare resourcing was comparable, as healthcare
challenges and priorities for rural populations in low-income
countries can vary greatly compared to high-income coun-
tries.29,31 Studies were included if both metropolitan and
non-metropolitan populations were represented, but the out-
comes for the non-metropolitan group were reported sepa-
rately. Interventions conducted or observed in the antenatal
period were considered eligible. Studies with any compara-
tor, such as an intervention or control group or pre/post
study design were included. The Preferred Reporting Items
for Systematic Reviews andMeta-Analyses (PRISMA) guide-
lines were used to report results based on these criteria.38

Primary outcomes were defined as any maternal or
infant physical or biochemical outcome related to
glycaemic control, due to the broad range of outcomes
associated with poor glycaemic control during preg-
nancy.39 Physical outcomes included those such as caesar-
ean section, preeclampsia, APGAR score and birthweight.
Biochemical outcomes included blood glucose levels, neo-
natal hypoglycaemia and diabetic ketoacidosis. Secondary
outcomes were also reported, and included nutrition, med-
ication, behavioural, exercise, mental health related and
healthcare delivery outcomes.

The title and abstract of identified studies were
screened for eligibility independently by two reviewers.
Full texts were then screened independently against the
inclusion and exclusion criteria. If two reviewers disagreed
at either the title and abstract or full-text stage, a third
reviewer resolved this conflict. A data extraction template
was developed and standardised, to ensure all relevant
information was recorded. Data extracted included study
design, participant characteristics, setting, rural descrip-
tion, maternal and infant outcomes, study results and con-
clusions. The template for intervention description and
replication (TIDieR) template was used to extract specific
intervention details and replication data.40 The first
reviewer extracted the relevant information, and this was
checked by a second reviewer. A quality assessment was
conducted independently by two reviewers on studies that
met the inclusion criteria using either the Cochrane RoB2
or ROBINS-I tools,41,42 depending on study design.

3 | RESULTS

The results of the search strategy are detailed in Appendix
II (online supplementary material) using the PRISMA flow
diagram.38 Database searches returned 3177 articles, with
a total of 1827 articles after duplicates were removed. Fol-
lowing title and abstract screening, 272 articles were con-
sidered for full-text inclusion. Three articles were
identified as eligible and were included in the review.

Study and participant characteristics are outlined in
Table 1. Two studies were conducted in Australia,43,44 and
one in the United States,45 with sample sizes ranging from
87 to 303. One study was a pre-post design,44 another was
a retrospective cohort study with a control group, and the
other was a non-randomised controlled trial.45 All studies
included women with GDM and type 2 diabetes mellitus
in pregnancy. The two Australian studies also included
women with type 1 diabetes mellitus in pregnancy.43,45

Two studies described their location as a rural area,44,45

and one as a regional hospital.43 None of the studies
included a specific rural, regional or remote definition.

Details of the interventions provided in each paper
are shown using the TIDieR template in Table 2. The
overall goals of each study varied substantially. One study
involved referral to a lactation consultant to encourage
antenatal expression and storage of colostrum.43 The goal
of this intervention was to compare rates of neonatal
hypoglycaemia in women with any type of DIP who
expressed antenatal colostrum to those who did not.
Murfet et al.44 investigated the effect of a nurse
practitioner-led model of care on maternal and infant
outcomes. The final article described a modified version
of the “Sweet Success” program where rural antenatal

50 PAYNE ET AL.

 17470080, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1747-0080.12722 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [29/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 1 Location, study design, sample size, demographics and rural descriptors for observational and intervention studies for women

with diabetes in pregnancy in rural areas

Authors,
year

Country;
locality Study design

Sample
size

Demographics (age,
ethnicity, SES) Diabetes type/s

Rural/regional/
remote
description

Murfet et al.
(2014)44

Australia; North
West Tasmania

Pre-post 261 Mean age 31 years
Caucasian 84%
Aboriginal and/or
Torres Strait
Islander 7%

Index of Relative
Socioeconomic
Advantage and
Disadvantage
deciles 1–4 99%

Pre
GDM 57.1%
T1DM 13.4%
T2DM 4.5%
Unknown
(suspected
GDM) 25.0%

Post
GDM 87.9%
T1DM 7.4%
T2DM 4.0%
Unknown
(suspected
GDM) 3.4%

Describes study
location as a
“rural locality”

Casey et al.
(2019)43

Australia; North
Queensland

Retrospective
cohort study with
control group

303 Intervention
Mean age 30 years
Caucasian 88%
Aboriginal and/or
Torres Strait
Islander 3.8%

Filipino 2.5%
Control
Mean age 29
Caucasian 73%
Aboriginal and/or
Torres Strait
Islander 7.2%

Filipino 8.1%
SES not reported

GDM 96%
T1DM and
T2DM % not
individually
specified

Regional public
hospital

Weiderman
and
Marcuz
(1996)45

United States; far
North
California

Non-randomised
controlled trial

Control group:
usual care at a
multidisciplinary
“Sweet Success”
program site48

87 Intervention
Women <20 y 5%
Women 20–29 y 46%
Women 30–39 y 49%
Caucasian 79%
African American 0%
Native American
3%
Asian 5%
Other 13%
Control
Women <20 y 6%
Women 20–29 y 43%
Women 30–39 y 45%
Women >40 y 6%
Caucasian 82%
African American 4%
Native American 8%
Asian 4%
Other 2%
SES not reported

Intervention
GDM 100%
Control
GDM 96%
T2DM 4%

Rural geographic
area of 5000
square miles

Abbreviations: DIP, diabetes in pregnancy; GDM, gestational diabetes mellitus; SES, socioeconomic status; T1DM, type 1 diabetes mellitus; T2DM, type 2
diabetes mellitus.
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care providers including nurse practitioners, nurse mid-
wives and registered nurses were upskilled in the diagno-
sis and management of GDM.45

Two studies described multidisciplinary care
approaches, tailored for use in low resource rural set-
tings.44,45 Murfet et al.44 included a multidisciplinary team
coordinated by a nurse practitioner and included a dietitian,
diabetes educator, obstetrician and antenatal nurse.44 At the
initial clinic visit, women were seen by each of these profes-
sionals. Follow up visits were scheduled fortnightly as joint
consults with the dietitian and diabetes educator, with
review by the antenatal nurse and obstetrician as necessary.
Weiderman and Marcuz45 described a visiting team con-
sisting of a dietitian, diabetes educator and mental health
counsellor. These health professionals, based at a non-rural
site, upskilled existing staff in their respective rural locations
to manage women with DIP.45 All interventions were deliv-
ered face-to-face in a clinic or hospital setting.

Two studies reported some form of tailoring in their
interventions.44,45 One did not specify how this occurred,
only that the intervention was developed for a low
resource setting.44 Weiderman and Marcuz (1996)
described the modification of the “Sweet Success”
program,45 by clinicians specifically for rural sites.45

Intervention modifications, planned and actual fidelity
were not reported by any of the included articles.

Maternal and infant outcomes reported are outlined in
Table 3. All studies reported rates of caesarean section,
birthweight in grams and gestational age at birth.43–45 Pre-
eclampsia, polyhydramnios, emergency caesarean section,
neonatal hypoglycaemia and APGAR score were included
as maternal and infant outcomes in two articles.43,44

Murfet et al.44 analysed their primary outcomes using
adjusted relative risk as pooled adverse maternal outcomes
and pooled adverse neonatal outcomes, respectively.

The primary outcomes, results and conclusions are
reported in Appendix III (online supplementary mate-
rial). Secondary outcomes are listed in Appendix IV. The
article evaluating a nurse practitioner-led rural model of
care concluded that neonatal outcomes improved, with-
out increasing specialist referral load.44 This was reported
as a reduction in the adjusted relative risk of pooled neo-
natal adverse outcomes, which was 0.76 (95% confidence
interval [CI] 0.61–0.94) for all diabetes types and 0.60 for
GDM (95% CI 0.48–0.76).44 Weiderman and Marcuz45

reported that their smaller-than-expected sample size
limited the ability to draw conclusions. However, trends
suggested that adequately upskilled rural clinicians were
able to provide comprehensive care with no difference in
maternal or infant outcomes when compared to the mul-
tidisciplinary team model.45 The article examining ante-
natal colostrum expression reported no difference in
neonatal hypoglycaemia between women who expressedT
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and stored colostrum antenatally, with the intention of
feeding their infant this after birth, and those who did
not (p value 0.89).43

Two studies were considered as at serious risk of
bias,44,45 and one was considered at moderate risk43 using
the ROBINS-I tool (Appendix V, online supplementary
material).41

4 | DISCUSSION

This review highlights a major gap in published
research regarding antenatal interventions for women
with DIP in rural areas, globally. There were only
three studies identified that observed or conducted an
antenatal intervention in a rural area for women with
DIP and reported maternal and infant outcomes. Two
studies were interventions,44,45 one a pre-post design,44

and the second a non-randomised controlled trial.45

The third study was a retrospective cohort study.43 No
randomised controlled trials were identified despite a
broad search strategy.

There was variation in maternal and infant outcomes
reporting between articles, which were highly dependent
on the primary aim of the study. Two of the included
studies reported tailoring their interventions to a rural
setting.44,45 Due to the heterogenous nature of these three
studies and the variation in reporting, it is difficult to
draw any practice-based conclusions regarding delivery
of healthcare for women with DIP in rural settings, but it
flags that this issue has been neglected to date.

Guidelines issued by national bodies such as the Amer-
ican Diabetes Association and the Australasian Diabetes
in Pregnancy Society vary between diabetes types.14–18

Current GDM management guidelines recommend refer-
ral to the diabetes educator and dietitian for education

TABLE 3 Maternal and infant outcomes for women with diabetes in pregnancy in rural areas

Author, year

Murfet et al.
(2014)44 Casey et al. (2019)43

Weiderman
and Marcuz (1996)45

Maternal outcomes Maternal hypoglycaemia ✓

Loss of consciousness ✓

Diabetic ketoacidosis ✓

Maternal metabolic complications ✓

Threatened abortion requiring sutures ✓

Preeclampsia ✓ ✓

Oligohydramnios/polyhydramnios ✓ ✓

Premature labour/placenta previa ✓

2nd–4th degree tear ✓

Emergency caesarean ✓

Failure to progress/emergency caesarean ✓ ✓ ✓

Postpartum haemorrhage ✓

Instrumental delivery ✓

Infant outcomes Gestational age at birth ✓ ✓ ✓

Preterm delivery ✓

Birthweight ✓ ✓ ✓

Neonatal hypoglycaemia ✓ ✓

Neonatal respiratory distress syndrome ✓

Neonatal macrosomia ✓

Birth injuries ✓

Neural tube defect ✓

Neonatal congenital abnormality ✓

Stillbirth or neonatal death ✓

Apgar score ✓ ✓

Other neonatal complications ✓ ✓
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regarding lifestyle management and blood glucose self-
monitoring as the first line of treatment, with medication
initiated if glycaemic control remains sub-optimal.14,16,18

Commencement of pharmacotherapy should be
individualised, using metformin or insulin as both are con-
sidered safe and effective for use during pregnancy.14,16,17

Pre-existing DIP requires ongoing lifestyle management
from conception, with insulin therapy essential for women
with type 1 diabetes and likely required for women with
type 2 diabetes.14,15,17,18 Multidisciplinary team manage-
ment is recommended, which typically includes a cre-
dentialled diabetes educator, dietitian, obstetrician,
endocrinologist and midwife or antenatal nurse, and may
also include an Aboriginal health worker, lactation consul-
tant and exercise physiologist.14,16,17,18 The extent to which
these guidelines are met in practice is unknown, as dem-
onstrated by the lack of reporting on models of care found
by this systematic review.

Current guidelines recommend women with GDM
see a dietitian for a minimum of three appointments.16

The feasibility of translating guidelines such as these to
rural areas, where there are fewer allied health and spe-
cialists available,21 is unknown. To plan and implement
best practice models of care, details of current practices
need to be described and evaluated.46,47 This should
include reporting of specific adaptions for the rural con-
text such as tertiary clinic support, availability of special-
ist clinical staff and utilisation of telehealth in models.
Context-specific solutions can then be implemented to
address key issues within rural models of care.

This article is the first, to the best of the authors'
knowledge, to report the published interventions on rural
healthcare delivery for women with DIP. Although sys-
tematic reviews have been conducted previously which
centred on outcomes for women with GDM, none have
had a rural focus.48,49 One review article investigated
pregnancy outcomes of women and infants in metropoli-
tan and rural areas; however, the type of review was not
specified and was limited to pre-pregnancy diabetes in
the Australian context.7 A lack of large Australian studies
in rural areas limited the ability of the review to draw
conclusions when comparing rural and metropolitan out-
comes.7 A systematic review explored the prevalence of
DIP for Aboriginal and Indigenous women globally; how-
ever, minimal focus was placed on the level of remote-
ness of studies.50 Neither of these reviews reported on the
models of care resulting in the specified outcomes.7,50

The lack of research targeting rural women with DIP,
especially when considering healthcare delivery, reflects
the wider gaps in research. There is a well-established
gap in healthcare access and health outcomes for rural
residents compared to those in metropolitan areas.21,51

Additionally, it is known that healthcare delivery models

must be modified to fit with the challenges of rural set-
tings.52 The services offered in rural areas are typically at
facilities with less infrastructure, and are required to pro-
vide a broader range of services to a geographically dis-
persed population due to reduced access to specialist
services.52 The lack of studies meeting the criteria for this
review demonstrates the limited research being under-
taken into how models of care can be modified and eval-
uated in a rural context.

One of the challenges in conducting this review was
the lack of international consensus on the definition of
rural. Similar terms used by various organisations
include remote, regional and non-metropolitan.53 Defini-
tions of rurality has evolved greatly over time to fit with
changes in population density and increasing consider-
ation of rural based policy and resource allocation.53,54

As an example the Modified Monash Model, which is the
current Australian measure, is predominantly focussed
around the relationship between population size, geo-
graphical location and healthcare service access.55

Research on GDM management has been conducted
in Australia.56 A model of care based on the Queensland
GDM management guidelines was adapted from metro-
politan sites and implemented in two regional areas.56,57

This research focused on the dietetic component of the
model of care, aiming to increase adherence to Queens-
land Health clinical guidelines.16 These guidelines rec-
ommended that women were seen by a dietitian within
1 week of a GDM diagnosis, and had a minimum of three
appointments with a dietitian throughout their preg-
nancy.16,56 Although this did not meet the inclusion
criteria here due to a lack of maternal and infant out-
come reporting, it highlighted the disparity between
evidence-based practice and the current GDM model of
care.57

Strengths of the current review include that a com-
prehensive search strategy across several databases was
conducted to reduce the likelihood of missing eligible
articles. Also, both intervention and observational studies
were included, providing a thorough review of the avail-
able evidence. A limitation of this review is that some
older studies may have been missed given that only pub-
lished articles from 1990 onwards were considered. Addi-
tionally, the small number and heterogeneity of included
articles limited the ability to draw practice-based conclu-
sions on DIP care in rural areas.

Considering nearly one fifth of individuals in high-
income countries reside in rural areas,51 and the
established worse health outcomes for rural mothers with
DIP and their babies,24,26 there is a significant lack of
research to reflect this population.28,58 A structured treat-
ment approach has shown to improve outcomes in
women with GDM.12,13,19 However, it is unknown if
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these approaches can be translated to a rural setting.
More research is required to investigate and evaluate the
current models of care in rural areas and their impact on
maternal and infant outcomes.
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Abstract

Aim: Biophenol-rich nutraceuticals may be an adjuvant treatment for Crohn's

disease (CD), ulcerative colitis (UC), symptomatic uncomplicated diverticular

disease (SUDD), and irritable bowel syndrome (IBS). This systematic review

and meta-analysis aimed to determine the efficacy and safety of biophenol-rich

nutraceutical supplementation on CD, UC, SUDD, and IBS on gastrointestinal

symptoms (GIS), quality of life (QoL), inflammatory and oxidative stress bio-

markers, and adverse events compared to usual care or placebo.

Methods: PubMed, Embase, CINAHL, and CENTRAL were searched for ran-

domised controlled trials until 27 April 2020. Outcomes were GIS, inflamma-

tory and oxidative stress markers, QoL, and adverse events. The Cochrane

Risk of Bias tool and GRADE were used to appraise studies. Data were pooled

using Revman.

Results: Twenty-three trials in CD, UC, and IBS patients were included. Com-

pared with placebo, biophenol-rich nutraceuticals improved GIS (SMD: 0.43

[95%CI: 0.22, 0.63]; GRADE: very low) in UC, CD, and IBS participants. In UC

and CD participants, biophenol-rich nutraceuticals improved CRP by 1.6 mg/L

[95%CI:0.08, 3.11; GRADE: low], malondialdehyde by 1 mmol/L [95%CI:0.55,

1.38; GRADE: low]; but only resveratrol improved QoL (SMD: −0.84 [95%CI:

−1.24, −0.44; GRADE: high). Resveratrol (for UC and CD participants) and

peppermint oil (for IBS participants) had greater certainty in the evidence for

improving GIS and QoL (GRADE: moderate to high). There was no effect on

adverse events (P > .05).

Joanna Giang and Xiao Lan contributed to this work equally.

Received: 7 September 2020 Revised: 10 March 2021 Accepted: 12 March 2021

DOI: 10.1111/1747-0080.12672

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Nutrition & Dietetics published by John Wiley & Sons Australia, Ltd on behalf of Dietitians Australia.

76 Nutrition & Dietetics. 2022;79:76–93.wileyonlinelibrary.com/journal/ndi

https://orcid.org/0000-0002-1273-5368
https://orcid.org/0000-0001-8953-5068
mailto:skye_marshall@bond.edu.au
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/ndi


Conclusions: Biophenol-rich nutraceuticals may be an effective and safe adju-

vant treatment for the management of CD, UC, and IBS; with higher certainty

of evidence for resveratrol for UC and CD and peppermint oil for IBS.
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polyphenols, ulcerative colitis

1 | INTRODUCTION

Inflammatory-related gastrointestinal conditions, such as
Crohn's disease (CD), ulcerative colitis (UC), symptom-
atic uncomplicated diverticular disease (SUDD), and irri-
table bowel syndrome (IBS), are an emerging global
health concern, with incidence and prevalence predicted
to increase worldwide.1-3 Although CD, UC, SUDD, and
IBS all have unique pathophysiology, they share gastroin-
testinal symptoms such as abdominal pain, cramping,
bloating, diarrhoea, and/or constipation.4-6 Inflammation
and/or oxidative stress play a role in the pathophysiology
of CD, UC, SUDD7,8; however, not consistently in IBS.9

From the patient perspective, burden is often introduced
not only by the percieved symptoms, but lifelong finan-
cial and personal costs and treatment side effects, leading
to reduced quality of life and suffering.10-12 The rising
prevalence of these conditions and subsequent
hospitalisations also present a substantial burden to
health-care systems.13

Current therapies for the treatment and management
of inflammation-related gastrointestinal conditions
include a variety of medical, diet, and lifestyle recom-
mendations14-17; however, biophenols have recently
gained interest as a possible adjuvant therapy for a range
of conditions.18-20 Biophenols, sometimes referred to as
polyphenols, are phytochemicals found in foods such as
extra virgin olive oil, peanuts, turmeric, ginger, tea, and
peppermint. Although polyphenols are the more com-
mon term for such phytochmicals, they represent only
phenolic compounds with two or more aromatic benzene
rings.21 Recently, there has been a move towards utilising
the more scientifically accurate term of biophenols,
which represent all plant-derived phenols.21 The benefits
of biophenols have been suggested for the treatment of
chronic conditions in humans, such as decreasing toxicity
in hemodialysis, improving mental health and cognitive
performance, managing nausea and vomiting in chemo-
therapy, or reducing cardiovascular disease risk.19,22-27

The beneficial effects of biophenols are due to a vari-
ety of mechanisms, including their antioxidant,
antiglycation, and anti-inflammatory activities on glucose
and lipid metabolism as well as cell proliferation and

interactions with the gut microbiota.28-30 More recently,
there is a growing body of interventional research
exploring the potential of biophenol-rich nutraceuticals
on patient-centered outcomes in gastrointestinal condi-
tions.31,32 However, the efficacy and safety of biophenol-
rich nutraceuticals for such conditions has not been sys-
tematically reviewed and certainty in the body of evi-
dence for their adjuvant treatment potential is unknown.

This systematic review and meta-analysis aimed to
determine the efficacy and safety of biophenol-rich nutra-
ceutical supplementation on CD, UC, SUDD, and IBS on
gastrointestinal symptoms (GIS), quality of life (QoL),
inflammatory and oxidative stress biomarkers, and
adverse events compared to usual care or placebo.

2 | METHODS

This systematic review was written in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines33 and was pro-
spectively registered with the International Prospective
Register of Systematic Reviews (PROSPERO: 159820).

Relevant studies were identified through a systematic
search of the Cochrane Central Library, Medline (via
PubMed), Embase (via Ovid), and CINAHL databases for
articles published since database inception to 27 April
2020. Controlled vocabulary search terms were used
where appropriate to describe major biophenol classes,
disease states, and study designs in combination with
keywords (Table S1). A snowball search was also con-
ducted, whereby reference lists of included studies and
similar reviews were considered to identify additional
studies not found in the systematic search strategy, up
until 9 December 2019.

Inclusion criteria for participants were human adults
aged ≥18 years with CD, UC, SUDD, or IBS. Where age
range was not reported, samples were included if the
mean age was ≥18 years. Inclusion criteria for types of
studies were parallel or crossover randomised controlled
trials (RCTs). Studies were included if the intervention
group were treated with an orally consumed biophenol-
rich nutraceutical with no coadministration of any test
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product or therapy beyond standard care for more than
1-week. Biophenol-rich nutraceuticals were included if
the test product was listed on the Phenol-Explorer 3.6
database, which is an independent database compiling
over 500 biophenols.34 Studies were included if compara-
tor groups were treated with standard care alone (if this
standard care was also provided to the intervention
group) or placebo. Studies were included if they were
published in languages spoken by the authorship team
(English and Chinese). Studies in other languages were
included only if they could be translated to English using
Google Translate Software.35 Exclusion criteria for study
designs were review or observational studies, studies that
did not report associated outcomes, or studies which did
not undergo peer review (ie, grey literature, conference
papers, abstracts).

Following study deduplication using DeDuplicate,36

EndNote,37 and Covidence 2019,38 the initial title and
abstracts screening, then full-text screening of articles,
was conducted on Covidence by two investigators inde-
pendently. Disagreements between reviewers were
resolved by consensus or third investigator.

The primary outcome of interest was GIS; and sec-
ondary outcomes were inflammatory markers (e.g.,
C-reactive protein (CRP), calprotectin, interleukin-6 (IL-
6), interleukin-8 (IL-8)), oxidative stress markers, QoL,
and adverse events. Adverse events were considered any
patient-reported side effect related or potentially related
to the intervention or control conditions.

Data were extracted from relevant studies using the
following parameters: author/date, study design, sample
size and attrition, study duration, sample demographics
(eg, age, sex, type of gastrointestinal condition), interven-
tion characteristics (type of biophenol, dosing regimen,
duration), and outcomes as described above. Extracted
continuous outcome data were baseline, follow-up, and
change measure of central tendency (mean or median),
variation or precision (SD, SE, or 95% confidence inter-
vals (CI)) for both groups as well as P-value for change
over time and between groups. If mean change was not
reported, it was calculated and the SD of the change was
estimated using the Review Manager calculator (Versions
5.3 Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012).39 Extracted categorical
outcome data were number of events. Data were
extracted by a single investigator and checked for accu-
racy by a second investigator, as were calculated data.

Internal study quality was assessed using the
Cochrane Risk of Bias tool, which included assessing ran-
dom sequence generation, allocation sequence conceal-
ment, blinding, and incomplete outcome data.40 Risk of
bias was assessed independently by two researchers.

Certainty in the body of evidence informing the esti-
mated effect was assessed via the Grading of Recommen-
dation, Assessment, Development and Evaluation
(GRADE) assessment tool.41 Although GRADE may be
applied to meta-analysed or narratively synthesised data;
due to the large number of potential outcomes included
in this study only meta-analysed outcomes were assessed
via GRADE. Certainty in the body of evidence was
judged by considering risk of bias, inconsistency, indi-
rectness, imprecision, publication bias, effect size, dose-
response, and plausible confounding. Considering these
factors, each pooled outcome was rated as having high,
moderate, low, or very low certainty. The GRADE cer-
tainty in the estimated effect sizes was assessed by two
investigators independently and judgements were con-
firmed by a third investigator. Publication bias was
assessed via funnel plot.

Outcome data were pooled where adequately reported
change data (i.e., difference from baseline to follow-up)
was available or could be calculated for two or more
interventions using Review Manager (Versions 5.3
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012).39 Continuous outcomes
were pooled using the inverse variance test and reported
as mean difference or standardised mean difference
(SMD) if different scales/measurement tools were used.
SMD effect sizes of <0.4 were considered small, 0.4 to 0.7
moderate, and >0.7 large.42 Pooled categorical outcomes
were assessed using Mantel-Haenszel test and reported as
odds ratios (OR). Heterogeneity was evaluated with the I2

statistic, where a value >50% was considered to represent
substantial statistical heterogeneity.43 P < .05 was consid-
ered as statistically significant. Pre-registered sensitivity
analyses were undertaken in models with substantial sta-
tistical heterogeneity using participant demographics,
study quality, differences in measurement tools, interven-
tion factors, or confounding variables. Type of
inflammatory-related gastrointestinal condition and type
of nutraceutical administered were explored for signifi-
cant subgroup effects.

3 | RESULTS

The systematic search identified 3008 records and a fur-
ther four were identified through the snowball search.
After deduplication and title/abstract screening, the full
text of 93 articles were evaluated for eligibility and
23 were included (Figure S1). Most RCTs had a low to
unclear risk of bias and two studies had a high risk of
bias (Figure 1; justifications Table S2). There were
10 RCTs included where funding was received from a
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source with a potential interest in a positive result
(Tables 1 and 2).

All 23 included RCTs were placebo-controlled; 21 were
parallel and two were cross-over (Tables 1 and 2). Two
parallel RCTs in participants with IBS had two interven-
tion groups; therefore, a total of 25 interventions arms
were included. Most of the studies were from Iran (n = 10
RCTs), followed by the United States (n = 2 RCTs), and
Italy (n = 2 RCTs). All other RCTs were from different
countries across Europe, the Middle East, and Asia.

Total study sample sizes ranged from n = 1658 to
n = 18963 (N = 1566 total participants; Tables 1 and 2).
Of the 25 interventions, 16 (64%) recruited participants
with active IBS (Table 2), seven (28%) with mild to mod-
erate UC, and two (8%) with inflammatory bowel disease
(IBD; i.e., UC or CD) (Table 1). No included RCT rec-
ruited participants with SUDD.

Peppermint oil was the most studied intervention
(n = 5 RCTs in IBS participants), followed by ginger
(Zingiber officinale) (n = 2 RCTs in IBS participants,
n = 1 RCT in IBD participants), resveratrol (n = 2 RCTs
in IBD participants), and aloe vera (n = 1 RCT in IBS par-
ticipants, n = 1 RCT in IBD participants). Four RCTs, all
in IBS participants, used an intervention product com-
posed of mixed biophenols (a blend of two to four
biophenols in powder or capsule form). Other interven-
tions were reported by a single study (curcumin, wheat
grass, anise oil, soy isoflavones, mastic tree (Pistacia
lentiscus), yarrow (Achillea wilhelmsii C. Koch), pome-
granate peel; Tables 1 and 2). Study durations ranged
from 2 to 12 weeks. The most common mode of nutra-
ceutical delivery was capsule form (n = 17 RCTs, 74%).
Other modes of delivery included tablet (n = 2 studies),
drink (n = 2 studies), syrup (n = 1 study), and gel form
(n = 1 study). Of the four studies that reported compli-
ance, adherence to the prescribed supplements ranged
from 67%64 to 100%50,51,56 with no difference between
intervention and control groups (P > .05).

Gastrointestinal symptom scores were measured
using condition-specific tools including visual analogue
scales (VAS), Irritable Bowel Syndrome Symptom Scoring
Scale, the Simple Clinical Colitis Activity Index, the Dis-
ease Activity Index, Lichtiger Colitis Activity Index, Par-
tial Mayo Score, and Harvey-Bradshaw Index (Table 2).
Twenty-three intervention groups assessing GIS that
were able to be pooled with meta-analysis used yarrow,
aloe vera, curcumin, mastic tree, pomegranate peel, res-
veratrol, ginger, anise oil, peppermint oil, soy isoflavones,
or mixed biophenols.

Meta-analysis found that compared with placebo,
biophenol-rich nutraceuticals significantly improved
GIS with a moderate effect size (SMD: 0.43 [95%CI:
0.22, 0.63], P < .0001, I2: 64%, GRADE: very low; Table
S3, n = 18 studies, n = 21 intervention groups, n = 1187
participants; Figure 2). Sensitivity analysis did not

FIGURE 1 Risk of bias summary of randomised controlled

trials examining the effect of biophenol-rich nutraceuticals on

gastrointestinal symptoms and related outcomes in adults with

inflammatory related gastrointestinal conditions
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TABLE 2 Characteristics and findings of n = 14 included randomised controlled trials which examined orally consumed biophenol-rich

nutraceuticals in participants with irritable bowel syndrome

Characteristics Intervention Comparator Outcomesa

Aloe vera54

DBPCRCT, 2-arms, parallel:
Sweden, N = 68 (IG = 33,
CG = 35), 7.4% attrition.

IBS: 75%F, IG: μ43.9 y, μ44.2 y.
No funding or COI reported.

n = 32 at FU.
Type: 250 mg Aloe barbadensis
Mill. Extract (AVH200), 60 mg
ascorbic acid dissolvable tablet.

Dose: 500 mg/d (250 mg BD).
Duration: 4-weeks.

n = 31 at FU.
Type: 60 mg ascorbic acid and
excipients dissolvable table.

Dose: 120 mg/d (60 mg BD).
Duration: 4-weeks.

GIS—IBS-SSS (scoreb): IG:
baseline 315 ± 83, FU: 257 ±
107, change −58 ± 1.1.9, P =
.003. CG: baseline 276 ± 88,
FU: 253 ± 100, change −23 ±
69.0, P > .05. P = .03 between
groups.

Anise oil55

DBPCRCT, 3-arms [2 eligible],
parallel: Iran, N = 80
(IG = 40, CG = 40), 6.25%
attrition.

IBS: 48.8%, IG μ34.15 y, CG
μ32.35 y.

No funding or COI declared.

n = 38 at FU.
Type: Enteric coated anise oil
capsule.

Dose: 600 mg/d (200 mg TDS).
Duration: 4 weeks.

n = 37 at FU.
Type: Enteric coated placebo
capsule.

Dose: NR.
Duration: 4 weeks.

Adverse event: IG: n = 0/38. CG
n = 0/37.

GIS—Abdominal discomfort VAS
(scoreb) IG: baseline
5.97 ± 2.35, FU 1.82 ± 1.43,
change −4.15 ± 4.8. CG:
baseline 5.27 ± 2.12, FU
3.33±1.74, change −1.94 ± 2.7.
P < .0001 between groups.

Quality of life—IBS-QOL
(scorec): IG: baseline
86.20 ± 27.13, FU 64.38±23.10,
change −21.8. CG baseline
83.30 ± 21.64, FU 72.82±18.20,
change −10.5. P < .0001
between groups.

Mixed biophenols56

DBPCRCT, 2-arms, cross-over,
no washout: Romania,
N = 60 (IG: n = 30, CG:
n = 30), 0% attrition.

IBS-D: 73%F, μ35 y.
No funding or COI declared.

n = 30 at FU.
Type: Gelsectan capsule
(containing xyloglucan, pea
protein and tannins from grape
seed extract, and xylo-
oligosaccharides)

Dose: not clear, 1 capsule BD.
Duration: 28 days.

n = 30 at FU.
Type: Placebo capsule (not clear).
Dose: not clear, 1 capsule BD.
Duration: 28 days.

Adverse events: IG: n = 0/30,
CG: n = 0/30.

GIS—incidence normal stools: IG
baseline 1/60, FU 54/60,
P = .0019. CG baseline 26/60,
FU 7/60, P = .0001.
On day 28, the proportion of
patients with normal stools,

GIS—IBS-D incidence abdominal
pain: IG baseline 38/60, FU: 0/
60, P = .002. CG 25/60, FU 27/
60, P = .027.

GIS—IBS incidence bloating: IG
baseline 38/60, FU 1/60,
P = .028. CG baseline 25/60,
FU 27/60, P = .041.

Quality of life—IBS-QOL and
EQ-5D-3L: data represented
graphically only.

Mixed biophenols57

DBPCRCT, 2-arms, cross-over,
1-week washout: Germany,
N = 30 (IG: n = 15, CG:
n = 15), n = 11 (34%)
attrition.

IBS-D: 59%F, μ50.3 ± 11.9 y.
No funding or COI declared.

n = 20 in the second phase; n = 5
in the third phase.

Type: Ayurvedic herbal
compound preparation made
from curry (Murraya Koenigii),
pomegranate (Punica
granatum) and turmeric

n = 6 in the second phase.
n = 17 in the third phase.
Type: Placebo (hay Graminis
flores dep. and Maidis
stigmata).

Dose: 140 g.
Duration: 4 weeks.

Adverse events: IG: n = 9/15. CG:
n = 4/15.

GIS—IBS-SSS (scoreb): IG:
baseline 217.4 ± 91.4, FU:
220.3 ± 90.0, change
2.9 ± 33.64, P = .74. CG:
baseline

84 GIANG ET AL.

 17470080, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1747-0080.12672 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [29/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 2 (Continued)

Characteristics Intervention Comparator Outcomesa

(Curcuma longa) in a 6:3:1
ratio.

Dose: 10 g (5 g of powder
dissolved in 100 mL of warm
water BD).

Duration: 4 weeks.

226.0 ± 81.8, FU 215.0 ± 89.9,
change −11 ± 33.64, P = .23.
No significant differences
between the IG and CG phases.

Quality of life—IBS-QOL
(scorec): IG: baseline
69.9 ± 21.6, FU: 72.1 ± 19.0,
2.2 ± 65.83, P = .89. CG:
baseline 68.2 ± 19.1

CG: FU 67.4 ± 22.3, change
−0.8 ± 65.83, P = .96. P > .05
between groups.

Mixed biophenols58

DBPCRCT, 2-arms, parallel:
United States, N: 16 (IG:
n = 8, CG: n = 8), n = 3
(19%) attrition.

IBS-C: 81%F, μ38 y (23-57 y).
Funding and authors affiliated
with test product.

n = 7 at FU.
Type: blended extracts in capsule
(Quebracho, Conker tree, M.
balsamea Willd, peppermint
oil).

Dose: Quebracho 150 mg (80-82%
polyphenol content), Conker
tree—470 mg (20% saponin
content), M. balsamea Willd
oil—0.2 mL; pure peppermint
oil (content quantity not
specified).

Duration: 2 weeks.

n = 6 at FU.
Type: Placebo capsule.
Dose: NR.
Duration: 2 weeks.

Adverse events: IG: n = 0/8, CG:
n = 0/8.

GIS—Constipation and bloating
(scorec): IG: change
2.62±0.886, P < .001. CG:
change 0.28 ± 0.39, P = .141.

Mixed biophenols59

DBPCRCT, 2-arms, parallel:
Italy, N = 21 (IG n = 60, CG
n = 61), 4.1% attrition.

IBS: 63.6%F, IG μ41.4 y, CG
μ39.4 y.

Funding associated with test
product. No COI declared.

n = 58 at FU.
Type: blended essential oils
(curcumin and fennel) capsule.

Dose: 84 mg/d curcumin and
50 mg fennel essential oil
(42 mg curcumin and 25 mg
fennel essential oil/capsule
BD).

Duration: 4 weeks.

n = 58 at FU.
Type: Placebo capsule.
Dose: not clear BD.
Duration: 4 weeks.

Adverse events: IG: 1.7%. CG
3.4%.

GIS—IBS-SSS (scoreb): IG:
baseline 255.7 ± 39.9, FU:
127.8 ± 77.4, change
−127.9 ± 119.89. CG: baseline
263.2 ± 34.3, FU: 195.5 ± 88.0,
change −67.7 ± 119.89.
P < .001. P < .05 between
groups.

Quality of life—IBS-QOL
(scorec): IG: change 17.4 ±
19.2. CG: change 7.7 ± 18.0, P
= .003.

Peppermint oil60

DBPCRCT, 2-arms, parallel:
Italy, N = 57 (IG: n = 28, CG:
n = 29), n = 7 (12%) attrition.

IBS: 76%F, μ41 y (20–60).
No funding or COI declared.

n = 24 at FU.
Type: Enteric-coated, gastro-
protected peppermint oil
capsules.

Dose: 550 mg (225 mg
peppermint oil +45 mg of
Natrasorb BD).

Duration: 4 weeks.

n = 26 at FU.
Type: Placebo capsules.
Dose: 55 mg maltodextrin
(225 mg of maltodextrin with
mint flavour BD).

Duration: 4 weeks.

Adverse events: IG: n = 1/24. CG:
n = 0/26.

GIS—incidence ≥50% reduction
of total IBS symptoms score:

IG: n = 18/24, P < .01. CG:
n = 10/26, P < .05. P < .05
between groups.

Peppermint oil61

DBPCRCT, 2-arms, parallel:
United States, N = 72 (IG:

n = 34 at FU.
Type: Peppermint oil capsules.
Dose: 540 mg (180 mg TDS).

n = 36 at FU.
Type: Placebo capsules.
Dose: NR TDS.

Adverse events: IG: n = 2/34,
CG: n = 4/36.

(Continues)
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TABLE 2 (Continued)

Characteristics Intervention Comparator Outcomesa

n = 35, CG: n = 37), n = 2
(2.7%) attrition.

IBS-M and IBS-D: 75%F, IG
μ40.2 y, CG μ41 y.

Independently funded. COI
declared.

Duration: 4 weeks. Duration: 4 weeks. GIS—TISS (scoreb): IG: change
−1.16 ± 0.897, P = .0246. CG:
change −0.70 ± 0.737.

GIS—incidence of severe
symptoms: IG change −66.8%.
CG: change −24.9%. P = .0282
between groups.

Peppermint oil62

DBPCRCT, 2-arms, parallel:
China, N = 110 (IG: n = 55,
CG: n = 55), n = 9 (8.1%)
attrition.

IBS: 40%F, 18-70 y.
Funding and COI were not
described.

n = 52 at FU.
Type: Enteric coated peppermint
oil capsule

Dose: 561-748 mg/d (187 mg/
capsule x 3-4/d)

Duration: 4-weeks.

n = 49 at FU.
Type: Placebo capsule
Dose: 3-4/d, dose not reported.
Duration: 4-weeks.

GIS—Incidence abdominal pain:
IG: n = 41/51(79%) participants
improved. CG: n = 21/49(43%)
participants improved.
Significant difference between
groups (P < .05).

Peppermint oil63

DBPCRCT, 3-arms, parallel:
Netherlands, N = 189
(unclear number of patients
in each group), 5.8% attrition.

IBS: 78%F, μ34.4 y.
No funding or COI declared.

IG 1: n = 62 at FU.
Type: Peppermint oil capsule.
Dose:182 mg/d (60.3 mg TDS).
Duration: 8-weeks.
IG 2: n = 62 at FU.
Type: Peppermint oil capsule.
Dose:182 mg/d (60.3 mg TDS).
Duration: 8 weeks.

n = 64 at FU.
Type: Placebo capsule.
Dose: Not reported.
Duration: 8 weeks.

Adverse events incidence: IG1
4.26 ±0.37. IG2 4.54± 0.45. CG
2.78 ±0.34.

GIS—IBS-SSS (scoreb): IG1:
baseline 284.52±95.28, FU
192.99±121.65, change
−91.53±66.28, P = .00. IG2
baseline 285.42±92.47, FU
201.05±120.17, change
−84.37±63.34 P = .00. CG
baseline 276.53±93.44, FU
226.80±119.76, change
−49.73 ± 66.28, P = .00.
P = .020 between IG1 and CG.
P = .22 between IG2 and CG.

Quality of life—IBS QOL (scorec):
IG1: baseline 68.8 ± 2.6, FU:
75.9 ± 2.6, change 7.1,
P = .066. IG2: baseline
69.8 ± 2.5, FU 75.5 ± 2.5,
change 5.7, P = .374. CG
baseline 70.5 ± 2.5, FU
75.0 ± 2.5.

Peppermint oil64

DBPCRCT, 2-arms, parallel:
Iran, N = 0 (IG = 45,
CG = 45), 33.3% attrition.

IBS: 75%F, μ36 y.
Independently funded. COI not
described.

n = 33 at FU.
Type: Peppermint oil capsule
Dose: 546 mg/d (182 mg TDS).
Duration: 8 weeks.

n = 27 at FU.
Type: Placebo capsule.
Dose: NR TDS.
Duration: 8 weeks.

Adverse events: IG: n = 19/33.
CG n = 14/27.

GIS—incidence abdominal pain
free: IG: baseline n = 0/33, FU
n = 14/33. CG: baseline n = 0/
27, FU n = 6/2. P < .001
between groups.

Quality of life—SF-36 (scorec): IG
baseline 57.8 ± 29.3, FU:
63.0 ± 28.2. CG baseline
48.9 ± 29.8, FU: 53.7 ± 26.4.
P = .194 between groups.

Soy isoflavones65

DBPCRCT, 2-arms, parallel:
Iran,

n = 22 at FU.
Type: Soy isoflavones capsule

n = 23 at FU. Adverse events: IG: n = 0/22. CG:
n = 0/23.
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TABLE 2 (Continued)

Characteristics Intervention Comparator Outcomesa

N = 67 (IG: n = 35, CG:
n = 32), n = 22 (33%)
attrition.

IBS: 72%F, IG: μ45.5 y, CG:
40.0 y.

Independently funded. No COI
declared.

Dose: 40 mg of isoflavones
(10 mg of diadzein, 8.5 mg
genistein, 1.5 mg glycetin BD).

Duration: 6 weeks.

Type: Placebo capsule (corn
starch).

Dose: 1 capsule BD.
Duration: 6 weeks.

GIS—IBS-SSS (scoreb): IG: baseline
23.64 ± 8.17, FU: 12.77 ± 8.16,
change −10.87 ± 7.85, P= .00.
CG: baseline 24.78 ± 11.82, FU:
19.74 ± 12.08, change
−5.04 ± 7.85, P= .00. No
difference between groups
P= .068.

Quality of life—IBS-QOL
(scorec): IG: baseline
64.41 ± 27.78, FU
41.68 ± 28.47, change
−22.73 ± 228.31, P = .65. CG:
baseline 46.70 ± 31.37, FU:
44.17 ± 33.47, change
−2.53 ± 228.31, P = .96.
P = .009 between groups.

Ginger (Zingiber officinale)66

DBPCRCT, 3-arms, parallel:
Iran, N = 50 (IG = 25,
CG = 25), 2% attrition.

IBS: age and sex NR.
Funding and COI NR.

IG1: n = 15 at FU.
Type: Ginger capsule.
Dose: 1 g/day.
Duration: 28 days.
IG 2: n = 15 at FU.
Type: Ginger capsule.
Dose: 2 g/day.
Duration: 28 days.

n = 14 at FU.
Type: Placebo capsule.
Dose: NR.
Duration: 28 days.

Adverse events: IG: 16.7%. CG:
35.7%.

GIS—IBS-SSS (scoreb): IG1:
baseline 260.0 ± 65.5, FU:
191.3 ± 95.8, change
−68.7 ± 84.3, P = .007. IG2:
baseline 222.7±53.3, FU:
198.9 ± 88.9, change
−23.8 ± 73.9, P = .233. CG:
baseline 253.2 ± 65.9, FU:
165.0±49.3, change—
88.2 ± 78.2, P = .001. P > .05
between groups.

Ginger (Zingiber officinale)67

DBPCRCT, 3-arms (2 eligible),
parallel: Iran, N = 45 (IG1
n = 15, CG n = 15), 0%
attrition.

IBS: age and sex NR.
No funding or COI declared.

IG2: n = 15 FU.
Type: Ginger root powder
capsule.

Dose: 1 g/day.
Duration: 20 days.

n = 15 at FU.
Type: Placebo (brown sugar)
capsule.

Dose: NR.
Duration: 20 days.

GIS—Abdominal pain severity
(scoreb): IG: baseline
39.6 ± 3.29, FU: 31.73 ± 3.21,
change −7.9 ± 13.5, P < .05.
CG: baseline 42.46 ± 2.94,
change −4.8 ± 8.7, FU:
37.66 ± 2.89, P > .05.

GIS—Abdominal distention
severity (scoreb): IG: baseline
68.73 ± 3.68, FU: 50.00 ± 2.88.
CG: baseline 66.33 ± 2.72, FU:
59.33 ± 2.43.

GIS—Constipation severity
(scoreb): IG: baseline
70.66 ± 3.09, FU: 49.13 ± 2.7.

Abbreviations: BDS, twice daily; CG, control group; COI, conflict of interest; CRP, c-reactive protein; d, day; DBPCRCT, double blind placebo controlled
randomied controlled trial; F, female; FU, follow-up; GIS, gastrointestinal symptoms; IBS, irritable bowel syndrome; IBS-c, irritable bowel syndrome
constipation dominant; IBS-d, irritable bowel syndrome diarrhoea dominant; IBS-m, irritable bowel syndrome mixed constipation and diarrhoea; IBS-SSS,
irritable bowel syndrome symptom scoring scale; IG, intervention group; IQR, interquartile range; 4ITT, intention to treat; NR, not reported; QDS, four times

daily; QOL, quality of life; SF-36, short form 36; TDS, thrice daily; TISS, total IBS symptom score; VAS, visual analogue scale; y, years.
aContinuous outcome data reported as mean (μ) ± standard deviation and categorical outcome data reported as number of events/number of participants,
unless otherwise specified.
bHigher scores indicate worse symptoms.
cHigher scores indicate better symptoms.
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FIGURE 2 Gastrointestinal symptoms of adults with inflammatory bowel disease or irritable bowel syndrome after treatment with

biophenol-rich nutraceuticals or placebo per nutraceutical type
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substantially improve statistical heterogeneity. GIS
were not different according to subgroup by type of con-
dition (IBD vs IBS; P = .52). Four studies that recruited
participants with IBS measured GIS incidence; all of
which reported significant improvements in the inter-
vention (n = 3 studies used peppermint oil, n = 1 study
used a mixed biophenol formulation (gelsectan)
(Table 2). There were sufficient studies pooled for GIS
to generate a funnel plot, which suggests some positive
effects of the intervention have not been published
(Figure S2).

Subgroup analysis of nutraceutical type found signifi-
cant differences in GIS between groups (P = .02, I2: 53%).
Compared with placebo, peppermint oil significantly
improved GIS in participants with IBS with a moderate
effect size (SMD: 0.57 [95%CI: 0.35, 0.80], P < .0001, I2:
0%, n = 2 studies, n = 3 intervention groups, n = 322 par-
ticipants, GRADE: moderate, Figure 2) and resveratrol
improved GIS in participants with IBD with a large effect
size (SMD: 1.10 [95%CI: 0.68, 1.51], P < .00001, I2: 0%,
n = 1 study, n = 2 intervention groups, n = 105 partici-
pants, GRADE: moderate, Figure 2). Other nutraceutical
types with two or more interventions which showed no
significant effect on GIS were aloe vera (SMD: 0.17 [95%
CI: −0.36, 0.70], P = .53, I2: 46%, n = 2 studies, n = 2
intervention groups, n = 113 participants, GRADE: very
low, Figure 2), mastic tree (SMD: 0.21 [95%CI: −0.30,
0.72], P = .42, I2: 34%, n = 1 study, n = 2 intervention
groups, n = 92 participants, GRADE: very low, Figure 2),
ginger (SMD: 0.03 [95%CI: −0.67, 0.73], P = .94, I2: 75%,
n = 3 studies, n = 4 intervention groups, n = 136 partici-
pants, GRADE: very low, Figure 2), and mixed
biophenols (SMD: 0.71 [95%CI: −0.45, 1.87], P = .23, I2:
86%, n = 3 studies, n = 3 intervention groups, n = 166
participants, GRADE: very low, Figure 2).

Quality of life was mostly measured with condition
specific tools such as the Inflammatory Bowel Disease
Questionnaire and the Irritable Bowel Syndrome Quality
of Life (Table 2). Pooling 12 intervention groups which
measured and reported QoL (Tables 1 and 2) found that
biophenol-rich nutraceuticals did not improve QoL com-
pared with placebo (SMD: −0.18 [95%CI: −0.41, 0.06],
P = .14, I2: 62%; GRADE: very low; Table S3). Condition
subgroups were not significantly different (IBD vs IBS;
P = 0.32); however, a significant subgroup difference was
found with nutraceutical type (P = .002, Figure S3). Com-
pared with placebo, resveratrol significantly improved
QoL in participants with IBD (SMD: −0.84 [95%CI:
−1.24, −0.44], P < .0001, I2: 0%, n = 2 studies, n = 2
intervention groups, n = 105 participants, GRADE: high,
Figure S3). Other nutraceutical types with two or more
interventions, which showed no significant effect on QoL
were peppermint oil and mixed biophenols.

No studies which recruited participants with IBS
measured inflammatory or oxidative stress markers. The
pro-inflammatory marker CRP was reported by four stud-
ies (participants with UC: n = 3 studies, UC and CD:
n = 1 study). Interventions assessing CRP used yarrow,
mastic tree, resveratrol, or aloe vera. Compared with pla-
cebo, biophenol-rich nutraceuticals significantly
improved CRP by 1.6 mg/L (95%CI: 0.08, 3.11; P = .04; I2:
18%, GRADE: low;Table S3, n = 4 studies, n = 4 inter-
ventions, n = 193 participants). Compared with placebo,
biophenol-rich nutraceuticals (resveratrol (n = 1 study)
and ginger (n = 1 study)) significantly improved oxidative
stress marker malondialdehyde by 1 mmol/L ([95%CI:
0.55, 1.38]; P < .00001; I2: 0%, n = 2 studies, n = 2 inter-
ventions, n = 102 participants; GRADE: low) but had no
effect on total antioxidant capacity (SMD: 1.36 [95%CI:
−0.24, 1.30], P = .17 I2: 73%, 2 studies, 2 interventions,
102 participants; GRADE: very low). Too few studies
were included in these models to conduct a sensitivity
analysis. One study reported significant positive effects of
resveratrol on inflammatory marker, tumour necrosis
factor alpha,51 and oxidative stress marker, superoxide
dismutase.50 Other oxidative stress markers measured
were oxidised LDL, which was significantly improved
with mastic tree. Other inflammatory markers measured
were IL-6, IL-10, and calprotectin, which showed no sig-
nificant effect (Table 1).47,48

Adverse events were reported in 19 studies. A total of
46 and 80 adverse events were reported in control and
intervention groups, respectively; however, when pooled,
there was no significant difference between groups (OR:
0.68 [95%CI: 0.40, 1.15], P = .15, I2: 21%; GRADE: low;
Table S3). Adverse events were not different according to
subgroup by type of condition (IBD vs IBS; P = .27) or
nutraceutical type (P = .16). Adverse events were mild
and mostly included gastrointestinal distress. No serious
adverse events were reported.

4 | DISCUSSION

This review found that adjuvant biophenol-rich nutraceu-
tical supplementation may improve GIS, inflammation,
oxidative stress, and QoL in adults diagnosed with IBD,
and GIS in participants diagnosed with IBS. Using the
GRADE framework, there was low certainty that the
pooled effect sizes represent the true effect due to statisti-
cal heterogeneity, publication bias, and/or imprecision.
Factors leading to the substantial clinical heterogeneity
included varying medical status, pathophysiology of the
gastrointestinal condition, and lifestyle of participants as
well as the use of different outcome measurement tools
and biophenol sources. Subgroup analyses resolved some
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sources of heterogeneity, and found high certainty that
resveratrol improved QoL in IBD with a large effect size,
and moderate certainty that peppermint oil and resvera-
trol improved GIS with moderate and large effect sizes
for IBS and IBD, respectively.

The pooled effect size of all biophenols on GIS was
moderate (SMD 0.43), suggesting substantial clinical ben-
efit of intervention, particularly peppermint oil and res-
veratrol. Despite the use of validated tools in measuring
GIS, it is important to recognise that there is no univer-
sally accepted endpoint to assess GIS severity. This is due
to several factors including the subjectivity of GIS experi-
enced by patients, variations in the types of rating scales
such as VAS vs Likert scales, the treatment of scales as
continuous or ordinal, and the ceiling and floor effects of
different tools.68 Although the inconsistency found in the
pooling of GIS scores across the 21 intervention groups
may be contributed to by the pooling of patients with IBS
and IBD, two distinct conditions, subgroup analysis did
not identify any statistically significant difference in their
perceptions of GIS. Publication bias contributed to the
decreased certainty in the effect on GIS; however, the
direction of bias suggests that the true effect size may be
larger than the estimate.

The evidence supporting the use of biophenol-rich
nutraceuticals for subjective GIS improvement in IBD is
strengthened by the finding of decreased objective
inflammatory and oxidative stress biomarkers. Previous
studies have shown the effect of biophenol-rich
nutraceuticals on improving oxidative stress and inflam-
mation in chronic disease states including liver disease,
cardiovascular disease, and kidney disease.19,27,69

Although only measured by few studies with a limited
cumulative sample size and wide confidence intervals,
decreasing certainty in the estimated effects, this finding
may explain the mechanism by which GIS were
improved.70 Although inflammatory and oxidative stress
markers are not consistent biomarkers for IBS, future
studies should measure these outcomes to better explore
how inflammation and oxidative stress may play a role
within IBS subtypes and if these may be modified by
biophenols.

Emerging evidence suggests that biophenols may ben-
eficially modulate inflammation, oxidation, and the gut-
brain axis via stimulation of the abundance of health pro-
moting bacterial species and inhibition of pathogenic spe-
cies in the gut.71 Gut bacteria metabolites are linked to
having important roles in reducing inflammation and
oxidation as well as maintaining the health of gastroin-
testinal cells. Furthermore, gastrointestinal conditions
such as IBD and IBS have been associated with alter-
ations in the gut microbiota, which is thought to be
related to activation of gut pain sensory pathways.72-74

Gut microbiota are also thought to influence bioavailabil-
ity and metabolism of biophenols, suggesting that an
individual's microbiota profile may influence biophenol
treatment efficacy.71 The gut microbiota play an impor-
tant role in the gut-brain axis, which involves a bidirec-
tional communication network between the central
nervous system and the enteric nervous system. This
allows the brain to influence intestinal activities, and the
gut to influence mood, cognition, and mental health,
which may explain the positive effects of resveratrol
biophenols on QoL.75

In this review, 19 articles reported adverse events that
were mild and GIS-related such as nausea, difficulty pass-
ing stools, loose stools, bloating, and heart burn. Meta-
analysis found no difference between intervention groups
and placebo and these symptoms are also consistent with
those that people with IBS and IBD commonly experi-
ence due to their underlying disease. Furthermore, no
severe adverse events were associated with the interven-
tion, suggesting that biophenol-rich nutraceuticals are
safe to be used in patients with IBD and IBS and poten-
tial benefits may outweigh possible discomfort. However,
due to included studies in this review being of short dura-
tion (4-12 weeks), caution should be taken if taken for
long-term use.

The evidence identified is limited by small sample
sizes of individual studies, and broad clinical heterogene-
ity of both samples, gastrointestinal pathophysiology, and
intervention types. Although conclusions may be drawn
about the general effect of biophenol-rich nutraceuticals,
the evidence exploring the comparative effects of differ-
ent types of biophenols is more limited, except for pep-
permint oil and resveratrol. Likewise, the current
evidence is insufficient to determine optimal dosing regi-
mens due to clinical and statistical heterogeneity.
Although publication bias was detected for GIS only, it is
likely to also exist for other outcomes in which there
were insufficient studies to generate funnel plots. Publi-
cation bias may have been impacted by the exclusion of
otherwise eligible studies on the basis of publication lan-
guage. Confounding effects of dietary intakes were not
reported or accounted for in multivariable models in the
identified RCTs. As some studies did not report mean
changes or SDs within groups, these values had to be cal-
culated for use in the meta-analysis, and as such, SDs are
often overestimated. Finally, this study did not develop
GRADE clinical recommendations.

RCTs of longer duration of 6 to 12 months, which
explore optimal dosing regimens, and confirm safety are a
priority, as are RCTs which deliver interventions to
patients with SUDD, and explore the effect of sub-types of
IBS. Studies that explore the mechanisms of how
biophenols influence biomarkers and clinical presentation
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of inflammatory-related gastrointestinal conditions are
needed, including exploration of the impact on the micro-
biome. RCTs should be sufficiently powered or allow for
multivariable models to account for confounding factors,
including dietary intake and lifestyle.

Biophenol-rich nutraceutical supplementation used
as an adjuvant therapy appears safe and may improve
GIS, inflammation, oxidative stress, and QoL in patients
with IBD and IBS, with higher certainty of evidence for
peppermint oil for IBS and resveratrol for IBD. Further
research is required to strengthen confidence in the body
of evidence, identify ideal dosing regimens, and confirm
long-term safety.
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Abstract

Aim: This systematic review aimed to describe behaviour change theories and tech-

niques used to inform nutrition interventions for adults undergoing bariatric surgery.

Methods: A systematic search was conducted across PubMed, PsycInfo, CEN-

TRAL, EMBASE and CINAHL from inception until 09 March 2021. Eligible

studies were randomised controlled trials involving nutrition interventions per-

formed by a healthcare provider, to adults that were waitlisted or had under-

gone bariatric surgery and received a nutrition intervention explicitly informed

by one or more behaviour change theories or behaviour change techniques.

Screening was conducted independently by two authors. Behaviour change

techniques were examined using the behaviour change technique taxonomy

version one which includes 93 hierarchical techniques clustered into 16 groups.

Quality of included studies was assessed using Cochrane risk of bias 2.0.

Results: Twenty-one publications were included, involving 15 studies and

14 interventions, with 1495 participants. Bias was low or had some concerns.

Two interventions reported using behaviour change theories (transtheoretical

model and self-determination theory). Thirteen behaviour change technique

taxonomy groupings and 29 techniques were reported across 14 interventions.

Common techniques included ‘1.2 Problem solving’ (n = 9 studies), ‘3.1 Social

support (unspecified)’ (n = 9 studies), ‘1.1 Goal setting (behaviour)’ (n = 6

studies) and ‘2.3 Self-monitoring of behaviour’ (n =- 6 studies).
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Conclusion: While behaviour change techniques have been included, behav-

iour change theory is not consistently reported and/or adopted to inform nutri-

tion interventions for adults undergoing bariatric surgery. Integrating

behaviour change theory and techniques in nutrition interventions is impor-

tant for researchers and bariatric surgery teams, including dietitians, to effec-

tively target behaviours for this population.

KEYWORD S

bariatric surgery, behavior change technique, behaviour change theory, behavioural
research, nutrition intervention, systematic literature review

1 | INTRODUCTION

An increasing number of individuals are presenting for
weight loss treatment, and bariatric surgery is recognised
as an effective option.1 In Australia, there has been a
2.4-fold increase with 9300 surgeries performed during
the financial year 2005/2006 and 21043 in 2018/2019.2,3

In this field, the care team, including dietitians, work
with patients to navigate post-operative nutritional rec-
ommendations, identify history or re-emergence of disor-
dered eating with on-going dietary monitoring, recognise
mental health factors and employ counselling and behav-
iour change.4 The National Health and Medical Research
Council highlights the need for additional post-operative
lifestyle management support and recommends behav-
iour change strategies as integral.5

There is a substantial proportion of bariatric surgery
patients who experience weight regain or insufficient
weight loss.1 Behavioural predictors of weight regain
include increased food urges, decreased well-being and
concerns over alcohol or drug use.6 Additional risk fac-
tors include anxiety, binge eating, emotional eating, por-
tion size and sugary food and drink consumption.7

Willingness to change habits, self-esteem, social support
and quality of life are negatively associated with post-
operative weight regain.7

Behaviour change theories help to identify potentially
effective content for interventions and the processes by
which that content is thought to change behaviour.8 It is
important to consider the link between intervention con-
tent and the theoretical constructs through which the
content is proposed to exert effects. Intervention content
is commonly based on a set of behaviour change tech-
niques.8 Understanding the mechanisms through which
these techniques can modify behaviour is important for
the development and evaluation of effective behavioural
interventions.

Behaviour change interventions can be complex and
interacting components can make it difficult to replicate

in research and practically apply.9 There have been efforts
to standardis the reporting of behaviour change interven-
tions and their theoretical underpinnings,9 which may
facilitate communication across disciplines, and
strengthen intervention replication and implementation.
The behaviour change technique taxonomy, for example,
provides a standardised classification system of interven-
tion techniques.9 Furthermore, frameworks such as inter-
vention mapping,10 the PRECEDE–PROCEED model,11

and the behaviour change wheel,12 further support the
transition from theory to intervention. Understanding the
active components of interventions is essential for translat-
ing evidence-based interventions into practice; however,
this depends on the available body of evidence.9 This sys-
tematic review aimed to describe behaviour change theo-
ries and techniques used to inform nutrition interventions
for adults undergoing bariatric surgery.

2 | METHODS

This systematic literature review was reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement,13 and was pro-
spectively registered with PROSPERO (CRD42021240813).

Studies were searched across five electronic data-
bases: PubMed (including MEDLINE), PsycInfo (via
Ovid), CENTRAL, EMBASE and CINAHL (via
EBSCOhost) from database inception up until 09 March
2021. The search strategy used a combination of key-
words and translated to the other databases using
CREBP-SRA Polyglot Search Translator (Table S1).14

Translated search terms were checked for accuracy and
modified after assessment for each database. An experi-
enced systematic review search librarian was consulted
throughout the search execution. There were no language
restrictions applied. Reference lists of all included articles
and relevant systematic reviews were screened to identify
any additional studies.
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To be eligible for inclusion, each study had to satisfy
the inclusion criteria regarding population, intervention,
comparison, outcome and study design. Eligible studies
were randomised controlled trials involving nutrition
interventions performed by a bariatric surgery healthcare
provider, to adults (≥18 years) that were waitlisted or
had undergone bariatric surgery, and received a nutrition
intervention explicitly informed by one or more behav-
iour change theories or behaviour change techniques.
Bariatric procedures considered were any open, laparo-
scopic or endoscopic procedure used to manage obesity.
Behaviour change theories include ecological model,
health action process approach, health belief model, inte-
grated theories, model of action phases, protection moti-
vation theory, self-determination theory, social cognitive
theory, theory of planned behaviour, and trans-theoreti-
cal model. Comparison needed to be usual care or mini-
mal care (nutrition-related print materials, information
booklets or information regarding the individual's health
status) without the use of behaviour change theory or no
intervention delivered. In addition, at least one of the fol-
lowing outcomes needed to be included; eating behav-
iours, dietary intake (measured with a validated
assessment tool), anthropometric measures, clinical mea-
sures, or psychological outcomes. Conference papers, dis-
sertations, abstracts without full text and protocol papers
where it was not possible to identify a published result
paper were excluded.

Duplicate records were removed using Endnote (ver-
sion 9.3.3). Records were screened for potentially eligible
studies based on title and abstract by two independent
investigators. Full texts were reviewed to confirm eligibil-
ity by two independent investigators; disagreements were
managed by consensus or a third reviewer when required.

Data were extracted by one researcher, checked for
accuracy by a second researcher and any discrepancies
were corrected through discussion. Data extracted
included author, publication date, country, study design,
setting, participant characteristics (age, gender and pre-
operative body mass index), intervention characteristics
(detail, duration, delivery personnel), control characteris-
tics (detail, duration, delivery personnel), behaviour
change theory and techniques, study aim, primary out-
comes as listed in the published papers and associated
measures of effectiveness. Data were extracted, tabulated
and synthesised narratively.

Behaviour change techniques applied in the interven-
tions were examined using the behaviour change tech-
nique taxonomy version one.9,15 The behaviour change
technique taxonomy is considered the standard for
reporting on techniques in health behaviour change
literature,16 and includes 93 hierarchical techniques clus-
tered into 16 groups.9,15 The behaviour change technique

taxonomy includes a descriptions table which denotes a
number, label, definition and examples for each tech-
nique; demonstrated in Table S2. The groups within the
behaviour change technique taxonomy do not have defi-
nitions or examples associated with them.

The full text of the included reports and additional
relevant supplementary material or protocols were
uploaded into NVivo.17 Intervention details within the
manuscripts, tabulated results and supplementary mate-
rial were analysed and coded. If the intervention was
reported to be described in a prior publication, this publi-
cation was sourced and coded. One researcher initially
coded behaviour change techniques according to exact
phrases and specific terminology included in the behav-
iour change technique taxonomy description table (dem-
onstrated in Table S2); herein referred to as ‘objective’
coding. The consistency of the coding was checked by a
second researcher (a behavioural scientist). If techniques
could not be coded according to exact phrases and spe-
cific terminology; yet, subjectively were able to be inter-
preted as being consistent with the behaviour change
technique taxonomy, a ‘subjective’ code was applied
by one researcher. This was checked by the second
researcher, and any disagreements were resolved through
discussion.

When studies explicitly reported a group rather
than individual behaviour change techniques, for
example, ‘1.0 Goals and planning’, an objective code
was applied to that group. Some studies described
intervention components that could not be mapped to
individual behaviour change techniques yet were sub-
jectively determined to fit within a group. For example,
an intervention providing psychoeducation on body
image would be subjectively coded to the group ‘4.0
Shaping knowledge’ as it did not meet the exact
criteria to be coded as any of the behaviour change
techniques under this group. Criteria were formed to
provide some systematic approach to the subjective
coding to groupings (Table 1). The frequency and total
number of behaviour change techniques used in each
study only include techniques that were determined
through objective coding and do not include those
coded subjectively. Techniques that were ambiguous
and could not be mapped to the behaviour change
technique taxonomy were coded as ‘unspecified’.

Studies were assessed for risk of bias using the
Cochrane risk of bias 2.0 tool,18 by two investigators inde-
pendently, with disagreements managed by consensus.
The risk of bias in the domain of ‘bias in measurement of
the outcome’ depends on whether the method of measur-
ing the outcome is appropriate, whether measurement or
ascertainment of the outcome differs or could differ
between intervention groups, who is the outcome
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assessor, whether the outcome assessor is blinded to
intervention assignment and whether the assessment of
outcome is likely to be influenced by knowledge of inter-
vention received. The primary outcomes as listed in the
published papers were extracted and the risk of bias
applies to these outcomes. Within the present study, our
primary interest is the reported behaviour change theo-
ries and techniques.

3 | RESULTS

The flow of study identification and selection is detailed
in Figure 1. The search identified 6474 publications.
Twenty-one reports were included, involving 15 studies
and 14 interventions. Two separate studies utilised the
same intervention, one delivering the intervention pre-
operatively and the other post-operatively.19,20

TABLE 1 Taxonomy grouping and

related criteria to allow intervention

components to be coded despite not

directly mapping to one of the

behaviour change techniques under

each grouping

No Group labela Criteria

4.0 Shaping knowledge Related to knowledge,52 and includes psychoeducation.

5.0 Natural
consequences

May include the word consequences and includes
implications.

7.0 Associations Relating to cues and cue responses,52 and includes triggers.

10.0 Reward and threat Relating to the anticipation of a direct reward or
punishment.52

15.0 Self-belief Beliefs about capabilities and optimism.52

aWhile there are 16 groupings in the behaviour change technique taxonomy,9 the establishment of criteria
was only required for five groupings.

FIGURE 1 Preferred

Reporting Items for Systematic

Reviews and Meta-Analysis

flowchart,13 of the literature

search and filtering results for a

systematic review of

interventions delivered in

bariatric health care that are

informed by behaviour change

theories or techniques
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The 15 studies published across 21 reports were con-
ducted in the USA (n = 5 studies),21–27 Canada (n = 3
studies),19,20,28 United Kingdom (n = 1 study),29 Netherlands
(n = 1 study),30 Sweden (n = 1 study),31,32 Germany (n = 1
study),33,34 New Zealand (n = 1 study),35 Norway (n = 1
study)36–38 and Portugal (n = 1 study).39 Samples comprised
mostly mixed bariatric surgeries (n = 7 samples),20,21,23,25,31–
34,36–38 followed by Roux-en-Y gastric bypass (n = 3
samples),22,24,26,27,29 waitlisted (n= 2 samples)19,39 and gastric
sleeve (n = 1 sample).35 Two studies did not report surgery
type.28,30 The setting for most of the studies was a hospital
(n = 7 studies).20,28,29,33–39 Most interventions were delivered
post-operatively (n = 10 interventions),20,21,23–25,27,28,31–38

followed by pre-operatively (n = 4 interventions),19,22,26,30,39

and both pre- and post-operatively (n = 1 intervention).29

Interventions were delivered in-person (n = 7
interventions),21,23,24,27–30,39 via telephone (n = 1
intervention),19,20 text messages (n = 1 intervention)35 or a
combination of modalities (n = 5 interventions).22,25,26,31–
34,36–38 Additional characteristics can be seen in Table 2. The
intervention and report aim varied in focus, some with multi-
ple components (Table 3). This included aiming to achieve a
change in weight (n = 10 reports),21,22,24,25,29,30,35,36,38,39

eating behaviours and psychopathology (n = 7
reports),19,20,25,28,32,36,38 psychosocial variables (n = 3
reports),19,30,39 anxiety and depression screening (n = 2
reports),27,37 quality of life (n = 2 reports),32,36 self-
efficacy (n = 1 report)28 and diet (n = 1 report).25 Of
the 21 included reports, over one third did not describe
the primary outcome(s) of the study (n = 8 reports,
38%; Table 3).20,22,26,28,30–32,38 Of those that did, weight
status and metabolic control indicators were the most
common (n = 9 reports),24,25,27,29,33–35,38,39 followed by
changes in eating psychopathology (n = 4
reports),19,36–38 quality of life (n = 3 reports)23,33,34 and
anxiety and depression screening (n = 2 reports).27,38

Comparison groups included usual care (n = 12
studies),19–23,25,26,29–38 minimal care (n = 2 studies)24,27,39

and waitlist control (n = 1 study; Table 2).28 Usual care
was provided by a surgeon (n = 1 study),33,34 dietitian
(n = 2 studies),21,25 surgeon, dietitian, nurse, doctor or
physical therapist (n = 3 studies)29,31,32,36–38 or was not
detailed (n = 6 studies).19,20,22,23,26,30,35

Overall bias was low (n = 8 studies),19,22,26,28–30,35–38

or had some concerns (n = 7 studies; Figure S1).20,23–
25,27,31–34,39 The risk of bias for ‘selection of reported
results’, ‘measurement of the outcome’, ‘missing out-
come data’ and ‘deviations from intended interventions’
were generally low. For the randomisation process, 47%
of reports had some concerns (n = 7 studies).

Of the 14 interventions, the majority did not report
using any behaviour change theories to inform the nutrition
intervention (n = 12 interventions, 86%; Table 2).19–27,29–38T
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TABLE 4 Reported behaviour change theories and behaviour change techniques according to the behaviour change technique

taxonomy (version one),9 in intervention arms of the included interventions

Interventionsa

Behaviour change theory or technique 1 2 3 4 5 6b 7 8 9 10c 11 12 13 14 Totald

Behaviour change theory

Transtheoretical model ● ● 2

Self-determination theory ● 1

Behaviour change technique (no. Label)

1.0 Goals and planning ● ● ● ● ● ● ● ● ● ● ● � ● 12

1.1 Goal setting (behaviour) ● ● ● ● ● ● 6

1.2 Problem solving ● ● � ● ● ● ● ● ● � ● 9

1.4 Action planning ● � ● � 3

1.6 Discrepancy between current
behaviour and goal

● � 1

1.9 Commitment ● 1

2.0 Feedback and monitoring ● ● � ● ● ● ● ● ● ● 9

2.1 Monitoring of behaviour by others
without feedback

� � � 0

2.2 Feedback on behaviour � ● 1

2.3 Self-monitoring of behaviour ● ● ● ● ● ● 6

2.4 Self-monitoring of outcomes of
behaviour

● ● ● ● 4

3.0 Social support � ● ● ● ● ● ● ● ● ● ● 10

3.1 Social support (unspecified) � ● ● ● ● ● ● ● ● ● 9

3.2 Social support (practical) ● ● ● ● ● 5

3.3 Social support (emotional) ● ● ● 3

4.0 Shaping knowledge � ● � ● ● ● ● � ● � � 6

4.1 Instruction on how to perform the
behaviour

● ● ● 3

5.0 Natural consequences � ● ● ● � � 3

5.1 Information about health
consequences

� ● ● 2

7.0 Associations ● � ● ● ● � ● � ● 6

7.1 Prompts and cues ● ● ● ● 4

7.5 Remove aversive stimulus ● ● 2

7.6 Satiation � 0

8.0 Repetition and substitution ● ● ● ● ● ● ● ● ● ● � 10

8.1 Behavioural practise and rehearsal ● ● ● ● � � � 4

8.2 Behaviour substitution ● ● ● ● 4

8.3 Habit formation � 0

8.7 Graded tasks ● ● ● 3

9.0 Comparison of outcomes ● ● ● 3

9.2 Pros and cons ● ● ● 3

10.0 Reward and threat ● 1

11.0 Regulation ● ● ● ● ● 5

11.2 Reduce negative emotions ● ● ● ● 4

(Continues)
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Two interventions used the transtheoretical model28,39 and
self-determination theory.39 Three interventions were based
on cognitive behavioural therapy,19,20,23,36–38 one on accep-
tance and commitment therapy31,32 and one on motiva-
tional interviewing.39

Thirteen behaviour change technique taxonomy group-
ings and 29 techniques were reported across the 14 inter-
ventions (Table 4). The mean number of techniques was
11 and ranged from 2 to 24. The most common behaviour
change technique taxonomy groupings were ‘1.0 Goals and
planning’ (n = 12 interventions), ‘3.0 Social support’
(n = 10 interventions), ‘8.0 Repetition and substitution’
(n = 10 interventions) and ‘2.0 Feedback and monitoring’
(n = 9 interventions). The most common techniques were
‘1.2 Problem solving’ (n = 9 interventions), ‘3.1 Social sup-
port (unspecified)’ (n = 9 interventions), ‘1.1 Goal setting
(behaviour)’ (n = 6 interventions) and ‘2.3 Self-monitoring
of behaviour’ (n = 6 interventions; Table 4). Seven tech-
niques were ambiguous and coded as ‘unspecified’.

Three studies found significant improvements in the
intervention group for weight loss (Table 3).22,24,26,27,39 All
three used techniques from the following behaviour change
technique taxonomy groupings ‘1.0 Goals and planning’,
‘4.0 Shaping knowledge’ and ‘8.0 Repetition and substitu-
tion’; however, no technique was commonly used across
all three studies. Three studies found significant

improvement in the intervention group for binge eat-
ing.19,28,32 The common behaviour change technique tax-
onomy grouping was ‘1.0 Goals and planning’; however,
likewise, there were no common techniques used across all
three studies.

Two studies were categorised as having both the
intervention and control delivered by a credentialed
nutrition or dietetics practitioner.25,39 Camolas et al.39

reported a significant intervention effect over the mini-
mal care control (Table 3), including significant improve-
ments in body mass index (p = 0.001), total weight loss
percentage (p = 0.001), excess weight loss (p = 0.001)
and fasting glycaemia (p = 0.019).39 Sarwer et al.25

reported no significant difference in total weight loss per-
centage (p = 0.08) compared to usual care. Intervention
effect was observed in studies where the intervention
implemented cognitive behavioural therapy,19,20,23,38

motivational interviewing,28 acceptance and commitment
therapy31,32 and psychoeducation (Table 3).33,34

4 | DISCUSSION

The findings from this review suggest behaviour change
theory is not consistently reported and/or adopted to
inform nutrition interventions for adults undergoing

TABLE 4 (Continued)

Interventionsa

Behaviour change theory or technique 1 2 3 4 5 6b 7 8 9 10c 11 12 13 14 Totald

12.0 Antecedents ● � � 1

12.3 Avoidance/reducing exposure to
cues for the behaviour

● 1

13.0 Identity ● � � ● ● � 3

13.2 Framing/reframing ● � ● � 2

13.3 Incompatible beliefs � 0

15.0 Self belief ● ● ● � ● � 4

15.2 Mental rehearsal of successful
performance

● 1

15.3 Focus on past success ● ● ● � 3

15.4 Self talk � � 0

Total no. of techniques used in each studyd 6 24 12 11 10 20 12 15 13 2 14 2 7 9

Note: Key = ● Objective coding � Subjective coding.
aStudies are numbered in alphabetical order: 1 = Camolas et al.,39 2 = Cassin et al., 2016 and Cassin et al., 2020,19,20 3 = Chacko et al.,21 4 = David et al.,28

5 = Gade et al., 2014, Gade et al., 2015 and Hjelmesaeth,36–38 6 = Kalarchian et al., 2013, and Kalarchian 2016,22,26 7 = Lauti et al.,35 8 = Lent et al.,23

9 = Nijamkin et al., 2012 and Nijamkin et al., 2013,24,27 10 = Ogden et al.,29 11 = Paul et al.,30 12 = Sarwer et al.,25 13 = Weineland et al., 2012(A) and
Weineland et al., 2012(B),31,32 14 = Wild et al., 2015 and Wild et al., 2017,33,34 (Note: While Cassin et al., 2016 and Cassin et al., 2020 are different in that one
was delivered pre-operatively,19 and the other post-operatively,20 they both used the same intervention hence have been combined in this table).
bObtained from a published book chapter,53 as the intervention was only briefly described within the manuscript.
cObtained from published protocol,54 as behaviour change techniques were not detailed in the intervention within the manuscript.
dTotal only include techniques that were determined through objective coding and does not include those coded subjectively.
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bariatric surgery. The use of theory was limited to two
studies using the transtheoretical model and self-
determination theory. Behaviour change techniques were
more widely incorporated with the most common includ-
ing ‘1.2 Problem solving’, ‘3.1 Social support
(unspecified)’, ‘1.1 Goal setting (behaviour)’ and ‘2.3
Self-monitoring of behaviour’. The impact of integrating
behaviour change theory and techniques in interven-
tions, on patient outcomes, was not determined.

The absence of behaviour change theory reported and/or
adopted to inform nutrition interventions for adults undergo-
ing bariatric surgery highlights a potential disparity between
intervention settings and populations. A recent review by
Rigby et al.40 found all of the dietary interventions delivered
by qualified dietitians in various primary health care settings
were underpinned by behaviour change theories. The inter-
vention aims of included studies reported by Rigby et al.40

included achieving change in weight, diet or clinical condi-
tions. Comparatively, in the current review, aims varied
including achieving change in weight, eating behaviours and
psychopathology, psychosocial variables, anxiety and depres-
sion screening, quality of life, self-efficacy and diet. Applying
behaviour change theories to interventions for adults under-
going bariatric surgery may be particularly challenging due
to the need to target multiple behaviours. It may be necessary
to integrate hypotheses from multiple behaviour change the-
ories to overcome this challenge; referred to as an ‘integrated
behaviour change model’.41 Literature regarding the applica-
tion of integrated behaviour change models on dietary
behaviours is limited yet emerging,42–45 and exploration of
the applicability to adults undergoing bariatric surgery is
warranted. This is particularly important given Rigby et al.40

found dietary interventions based on behaviour change the-
ory and techniques were potentially more effective at
improving patient health outcomes than interventions with-
out theoretical underpinnings. While behaviour change sci-
ence is valued by the dietetic profession,46 we encourage
embedding and documenting behaviour change theory in
dietetic practice to improve patient-centred care.

The most commonly reported behaviour change tech-
niques identified were ‘1.2 Problem solving’, ‘3.1 Social
support (unspecified)’, ‘1.1 Goal setting (behaviour)’ and
‘2.3 Self-monitoring of behaviour’. Results are consistent
with other reviews exploring diet and physical activity
interventions,16,40 weight loss and weight maintenance
eHealth interventions47 and eHealth interventions for
adults undergoing bariatric surgery.48 However, knowing
the common behaviour change techniques does not help
to determine which techniques to select. Johnston et al.
have hypothesised links between behaviour change tech-
niques and mechanisms of action and subsequently cre-
ated an online interactive tool.49 This tool may assist
clinicians and interventionalists to select techniques for

inclusion in intervention design based on evidence. The
common behaviour change techniques identified in our
review link to the following mechanisms of action:
‘beliefs about capabilities’, ‘behaviour regulation’, ‘social
influences’, ‘intention’, ‘goals’ and ‘feedback processes’.
Through making an appraisal of these links, key tech-
niques may become apparent. For example, the tech-
nique ‘11.2 Reduce negative emotions’ links to the
mechanism of action ‘emotion’ which may be beneficial
for those displaying emotional eating. The authors
encourage the bariatric surgery care team, including die-
titians, to reflect on patients' modifiable determinants
and the behavioural predictors of weight regain after bar-
iatric surgery. In addition, the authors encourage
codesigning interventions and taking a collaborative
approach with patients after bariatric surgery to foster
participatory practice.

Objective and subjective coding of techniques was a
novel approach; previous reviews have only coded objec-
tively with the limitation that techniques may be under-
reported.40,48 This was required due to the complex and
interacting components of interventions and to gain a
robust insight regarding all techniques applied in the
body of literature. The authors recommend researchers
place their efforts on reporting intervention components
as per the behaviour change technique taxonomy to assist
in strengthening intervention replication and implemen-
tation.50 In addition, this may also help with future syn-
thesis to determine if certain behaviour change
techniques are more effective than others. This extends
to other emerging areas of nutrition intervention, such as
eHealth51; as half of the interventions in the included
studies utilised eHealth modalities.

This review has limitations worth noting. The authors
cannot exclusively say nutrition interventions for adults
scheduled for (waitlisted) or who have undergone bariatric
surgery are not explicitly informed by one or more behav-
iour change theories; rather publications are not reporting
the use of theory. While comparison groups that were
informed by behaviour change theories were excluded,
behaviour change theory and techniques may be
implemented as part of usual nutrition care without being
documented. While the inclusion of randomised control tri-
als aimed to provide the most robust level of research,
including other study designs may have provided greater
insight into theory-informed interventions. With substantial
heterogeneity, the authors were unable to evaluate the effec-
tiveness of the inclusion of behaviour change theory or tech-
niques on health behaviours or outcomes. Results do not
indicate that common behaviour change techniques lead to
effective outcomes. The risk of bias for outcome measures
does not assess the methodology of coding behaviour change
techniques, hence caution should be taken when
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interpreting this risk of bias. While the objective and
subjective coding of behaviour change techniques is a
novel approach, subjective coding is subject to bias. Fur-
thermore, authors subjectively coded to ‘groupings’
which required creating criteria, a process that is also
subject to bias.

This systematic review highlights that while behav-
iour change techniques have been included, behaviour
change theory is not consistently reported and/or
adopted to inform nutrition interventions for adults
undergoing bariatric surgery. Behaviour change theories
used included the transtheoretical model and self-
determination theory. Common behaviour change tech-
niques included ‘1.2 Problem solving’, ‘3.1 Social support
(unspecified)’, ‘1.1 Goal setting (behaviour)’ and ‘2.3
Self-monitoring of behaviour’. Integrating behaviour
change theory and techniques in nutrition interventions
is important for researchers and bariatric surgery teams,
including dietitians, to effectively target behaviours.
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