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Livestock production systems are associatedwith climate change, land degradation, and animalwelfare concerns,
while overconsumption of animal-sourced foods is amajor driver of human disease. Thus, shifting towards plant-
rich diets is expected to deliver benefits for human health, the environment, and animal welfare. Nevertheless,
diets high in animal products are flourishing, especially in high-income countries. Here, we take a novel inter-
disciplinary approach to evaluating sustainability of diets by assessing five common plant-rich diets (Mediterra-
nean, flexitarian/semi-vegetarian, vegan, vegetarian, and pescatarian) on twometrics. First, we established each
diet's environmental, human health, and animal welfare impacts, using quantitative data sourced from a review
of the literature, including life cycle assessments. Second, we evaluated the human factor by surveying current
consumer dietary preferences (i.e., which diet participants had followed over the past week) and the likelihood
of adopting each plant-rich diet in the future, among a sample of Australian adults (n= 253). Combining the re-
sults from the review and the survey in a Behavior Prioritization Matrix (BPM), the Mediterranean diet was
shown to have the greatest projected positive impact, followed by the vegetarian diet. This study is the first to
combine assessments of sustainable diets on the three dimensions of environment, human health, and animal
welfare with probability of adoption. Our findings highlight the necessity of assessing plant-rich diets through
a holistic lens when identifying target diets to promote, in order to support sustainable food systems in high-
income countries.
© 2022 The Authors. Published by Elsevier Ltd on behalf of Institution of Chemical Engineers. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Our current food systems are a significant contributor to global
greenhouse gas (GHG) emissions, making them a prime area of focus
in tackling the climate crisis (Poore and Nemecek, 2018). With our
growing global population, the demand for food is increasing, with cer-
tain foods being in greater demand (e.g., meat and dairy) in response to
rising urbanisation and individualwealth (FAO, 2017a). Given themany
elements of a sustainable food system (e.g., water, biodiversity, energy
use, and food security), a holistic approach is clearly needed to achieve
BSM, Community-based Social
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sustainability (Béné et al., 2019).While change is urgently needed in ag-
ricultural practices, population and social trends reveal that consumer
dietary choices also need to be examined given these choices create “de-
mand pull” that in turn influences agricultural systems. Identifying
which diets are environmentally sustainable is an important starting
point to support consumers in making sustainable dietary choices. Fur-
ther to the environmental benefits are the equally important human
health and animal welfare credentials of specific diets. It is also a
waste of precious time and resources to promote diets that most people
are not willing to adopt, making population preferences a key factor in
sustainable diet change. Combining these key elements enables the de-
velopment of future behaviour change interventions to support sustain-
able consumption.

2. Literature review

Food systems account for 26% of global greenhouse gas (GHG) emis-
sions, of whichmost (59%) comes from livestock production (including
ical Engineers. This is an open access article under the CC BY-NC-ND license (http://
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meat, dairy, seafood, and eggs; Poore and Nemecek, 2018), making the
livestock production sector the third largest emitter, following the en-
ergy (35%) and transport (23%) sectors (Gerber et al., 2013; IPCC,
2014). The major contributor to GHG emissions from red meat produc-
tion is methane emitted from the digestive system of ruminants, while
other significant sources include methane and ammonia from manure
management, and nitrous oxide from feed production (Opio et al.,
2013). Further, livestock production uses extensive amounts of land
andwater resources, and contributes to biodiversity loss, land degrada-
tion, and pollution of waterways (FAO, 2017b; Westhoek et al., 2011).

Global meat production is predicted to increase by 76% between
2007 and 2050, associated with increasing adoption of diets high in
animal-sourced products in developing countries (Alexandratos and
Bruinsma, 2012; OECD/FAO, 2019). Such ‘affluent diets’ are common
in developedWestern countries, where meat is traditionally the central
component of a meal (Beardsworth and Bryman, 2004).

In response to this urgent need, several initiatives have emerged,
ranging from agricultural innovations (Beach et al., 2015; IPCC, 2019)
to food technology developments including plant-based meat substi-
tutes and cultured meat (i.e., grown artificially from animal cells;
Apostolidis andMcLeay, 2016; Bryant and Barnett, 2019). In their report
on Climate Change and Land, the IPCC (2019) emphasised that demand
management encouraging shifts to sustainable diets rich in plant-based
foods could reduce GHG emissions by 0.7 to 8.0 GtCO2 eq yr−1, along
with parallel benefits for human health and biodiversity conservation.
The potential climate change benefits from supplementing animal pro-
tein with plant protein (e.g., tofu, fava beans) are highlighted by
Sadhukhan et al. (2020).

While several definitions have been offered, the Food and Agricul-
ture Organization (FAO, 2010, p. ix), states that a sustainable diet is
one “….with low environmental impacts which contribute to food and
nutrition security and to healthy life for present and future generations.”
Recent studies based on life cycle assessment have evaluated the sus-
tainability of various foods and alternative diets (e.g., GHG emissions,
water use, and land use; Aleksandrowicz et al., 2016; Batlle-Bayer
et al., 2020). Overall, plant-based foods typically have less environmen-
tal impact than the lowest-impact animal products (Poore and
Nemecek, 2018). So, plant-rich diets—vegan, vegetarian, pescatarian,
Mediterranean, orflexitarian/semi-vegetarian—are expected to have re-
duced impacts on the environment, as these diets reduce or eliminate
reliance on livestock. Dietary shift will have the greatest environmental
benefits in countries with a high intake of meat and other animal-
sourced products (Nelson et al., 2016; Springmann et al., 2018).

It is imperative that a sustainable diet is also nutritious and healthy.
Dietary guidelines provide recommendations for food consumption, in-
cluding portion sizes for meat and other animal-sourced products. Most
guidelines promote high intake of fruit, vegetables, and whole grain
foods, with moderate levels of protein (e.g., meat, eggs, and beans)
and dairy (National Health and Medical Research Council, 2013; Public
Health England, 2018). Specifically, guidelines generally recommend
limited consumption of red meat and avoidance of processed meat
due to their association with cardiovascular diseases, several cancers,
type 2 diabetes, and, for processed meat, higher mortality rates
(Demeyer et al., 2016; Li et al., 2018; Micha et al., 2010; Pan et al.,
2011). In contrast, a diet high in plant-based food and low inmeat (par-
ticularly red and processed meat), such as traditional Mediterranean
diets, has been associated with reduced all-cause mortality and lower
incidence of heart failure, stroke, cognitive decline, and some cancers
(Martinez-Gonzalez and Martín-Calvo, 2016; Trichopoulou and
Vasilopoulou, 2000). The flexitarian, pescatarian, vegetarian, and
vegan diets have also been found to be nutritionally adequate, with
the exclusionary diets (vegetarian and vegan) requiring a small number
of nutrients to be supplemented (Springmann et al., 2018).

Beyond environmental and human health concerns are the less-
discussed animal welfare impacts associated with livestock production.
Growing demand generated by higher per capita consumption of
542
animal-sourced products, combinedwith the increasing humanpopula-
tion, has led to intensified livestock farming systems (Gregory and
Grandin, 2007; Harrison, 1964; Thompson, 2015). The high stocking
densities typical of such systems have been linked to a series of negative
welfare effects (Bessei, 2006; Dawkins et al., 2004; Park et al., 2020;
Peden et al., 2018), as well as dependence on antibiotics to combat in-
creased disease prevalence and boost food conversion rates—promoting
both antibiotic resistance and antibiotic spread through the environ-
ment (Kivits et al., 2018). Intensive farming practices also amplify the
risk of zoonoses, such as coronaviruses (Allen et al., 2017). Reducing
the global consumption of meat and other animal-sourced products
could moderate these risks as well as alleviating animal suffering.

Thus, shifting to plant-rich diets bringsmany environmental, health,
and animal welfare benefits and can support a sustainable food system.
Clearly, the appeal and the harmful impacts of various diets differ, and
some consumers have little choice; however, in high-income countries,
education and the availability of alternatives facilitate food footprint re-
duction. To date, efforts to reduce meat consumption (e.g., Meatless
Monday; Laestadius et al., 2013) have not delivered significant behav-
ioural change (Tapsell, 2017). Many people in Western countries con-
tinue to over-consume animal-sourced products and under-consume
plant-based products (Australian Bureau of Statistics, 2018; WHO,
2019). The impact of dietary shifts is therefore determined both by
the sustainability benefits of the target diet, and its level of adoption;
both must be aligned to promote the most beneficial, sustainable out-
come.

Changing dietary patterns is challenging, and research into reducing
consumption of animal-sourced products has identified an extensive list
of barriers, including strong cultural and social norms, perception that
vegetarian meals are bland, and lack of skill in cooking meat-free
meals (Dibb and Fitzpatrick, 2014; Joy, 2011; Malek et al., 2019; Stoll-
Kleemann and Schmidt, 2017). Overcoming these barriers will require
effective interventions to encourage behaviour change. In the health
sector, behaviour models have been effective in changing specific be-
haviour patterns (e.g., smoking cessation programs, enhancing healthy
eating; Michie et al., 2011). Given that pro-environmental behaviours
(i.e., behaviours that minimise harm to the environment) also depend
on human behaviour patterns, it is appropriate to apply behaviour
models in this context to identify which diet(s) to target for maximal
environmental benefit (Steg and Vlek, 2009).

Community-based Social Marketing (CBSM) is one model that has
been widely used to identify and promote pro-environmental behav-
iours that support behaviour change (McKenzie-Mohr, 2011). Using a
5-step strategy, CBSM identifies and assesses target behaviours (Step
1), followed by identifying barriers to and benefits of these target be-
haviours (Step 2), developing interventional strategies (Step 3), con-
ducting a pilot study (Step 4), and broad-scale implementation and
evaluation of the strategy (Step 5). Thismodel has been used across var-
ious contexts, including pro-environmental palm oil behaviours
(Sundaraja et al., 2020), energy behaviour (Frantz et al., 2016), and
wild dog management (Hine et al., 2020; Please et al., 2017).

The current study aims to apply the first step of CBSM to evaluate the
impact associated with five plant-rich diets (flexitarian/semi-vegetar-
ian, vegetarian, vegan, Mediterranean, and pescatarian) to identify
which diet can be promoted in future intervention(s) to deliver the
greatest net benefit.

3. Methods

3.1. Community-based Social Marketing (CBSM)

To determine which behaviours to target, CBSM uses a Behaviour
Prioritization Matrix (BPM) with three components: 1) calculating
how effective each proposed behaviour will be in solving the problem;
2) determining the proportion of the target population already engaged
in each behaviour (i.e., penetration); and 3) calculating the likelihood
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that the target population will adopt the behaviour (i.e., probability).
One of twomethods can reveal the effectiveness of possible behaviours,
with the first and preferred method being to rate behaviours based on
available quantitative information (e.g., emissions reductions associated
withwashing clothes in cold, rather than hot,water). If reliable informa-
tion is unavailable, experts can be enlisted to rate the estimated effec-
tiveness of behaviours (as used in Sundaraja et al., 2020). The next
two steps—assessing penetration and probability—are critical to ensure
thebehaviour is not alreadywidely practiced (and thus any efforts to in-
crease the target behaviour would have little net benefit due to ceiling
effects) and that people are willing to engage in the behaviour. To
rank the behaviours, a total weighted impact score is calculated for
each target behaviour by multiplying the effectiveness score by
inversed penetration by the probability score, where inversed pene-
tration is the maximum possible penetration minus observed pene-
tration (McKenzie-Mohr, 2011).

Using this BPM formula, the current study evaluated the flexitarian/
semi-vegetarian, vegetarian, vegan, Mediterranean, and pescatarian
diets (see Table 1). The BPM incorporated the environmental, health,
and animal welfare impacts, as well as penetration and probability (as
described above). To obtain quantitative data on ‘effectiveness’, a re-
view of the peer-reviewed literature was conducted to determine the
impact of each plant-rich diet on the environment, health, and animal
welfare. This was followed by an assessment of penetration and proba-
bility among survey participants who were representative of the
Australian population. Results from the review and survey were in-
cluded in the BPM to calculate a total weighted impact score for each
diet. The process undertaken is outlined below.

3.2. Environmental, health, and animal welfare impact

A review of the literature was conducted to obtain environmental,
health, and animal welfare impact data for each of the five plant-rich
Table 1
Diet definitions and common food types.

Diet Definition

Omnivore (Goldstein et al., 2016; Springmann et al.,
2018; Turner-McGrievy et al., 2017)

Meat (beef, pork, lamb, poultry, fis
one or more times per day; plant-b

Mediterranean (Bach-Faig et al., 2011; Ulaszewska
et al., 2017)

No processed meat; small amount
moderate amounts of fish, seafood
plant-based foods (fruits, vegetabl

Flexitarian/semi-vegetarian (Derbyshire, 2017;
Hudders and de Backer, 2014; Springmann et al.,
2018)

At least three meat-free days per w
(beef, lamb, pork; one serving per
and dairy (2–3 servings per week)
and nuts)

Pescatarian (Chen et al., 2019; Springmann et al.,
2018)

No red meat (beef, pork, lamb) or
eggs); plant-based foods (fruits, ve

Vegetarian (Craig et al., 2009; Springmann et al.,
2018)

No meat (beef, lamb, pork, poultry
plant-based foods (fruits, vegetabl

Vegan (Craig et al., 2009; Springmann et al., 2018) No meat or other animal-based foo
Plant-based foods (fruits, vegetabl
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diets, in line with CBSM methodology. Three environmental indicators
(GHG emissions, water, and land use), two human health metrics
(deaths averted and reduction in mortality risk), and three animal wel-
fare measures (animal life years suffered, ALYS; animal loss, AL; and
morally adjusted animal lives; MAL)were used for the impact score cal-
culations. Selection of these indicators was based on data available in
the literature. An outline of the process undertaken for each impact cat-
egory is provided below, including study selection and exclusion
criteria.

3.2.1. Environmental impact
Searches in Science Direct and ProQuest were conducted using the

terms ‘greenhouse gas’ OR ‘land use’ OR ‘water use’ OR ‘sustainable
diets’ AND ‘Mediterranean’ OR ‘vegan’ OR ‘vegetarian’ OR ‘pescatarian’
OR ‘flexitarian’ OR ‘semi-vegetarian.’ A follow-up search of Google
Scholar was also conducted using the same search terms. Given the
large number of search results, variability in methodology and design
(i.e., life cycle assessments of dietary patterns), and that no single
study assessed all target diets, a search of review articles was conducted
using the terms ‘systematic review’ OR ‘review.’ Recognising the bene-
fits of life cycle assessment (LCA; Finnveden et al., 2009; ISO 14040
International Standard, 2006) in evaluating the full environmental im-
pacts of alternative diets, two articles that reviewed relevant LCA stud-
ies were selected as the basis of the environmental impact analyses, the
first being a systematic review of environmental footprint studies of
sustainable diets published from 2000 to 2016 (Aleksandrowicz et al.,
2016) and the second, a review of LCA studies comparing alternative
diets published between 2017 and 2019 (Batlle-Bayer et al., 2020).
Together these articles reviewed an extensive range of relevant litera-
ture spanning more than 20 years, reporting quantified changes
(i.e., percentage difference in the target environmental variables) be-
tween average population-level dietary intake and the five dietary pat-
terns, providing data to distinguish between low/medium/high income
Common Food Types

h, seafood) and other animal-based foods (dairy, eggs)
ased foods (fruits, vegetables, cereals, legumes, and nuts)

Red meat
(beef, pork,
lamb)
Poultry
Fish
Seafood

Milk
Cheese
Potato
Eggs
Wheat
flour
Rice

s of red meat (beef, lamb, pork; one serving per week);
, poultry, eggs and dairy (2–3 servings per week);
es, whole grains, legumes, nuts, and olive oil)

Poultry
Fish
Seafood
Eggs
Cheese

Milk
Rice
Wheat
flour
Potato
Legumes

eek; no processed meat; small amounts of red meat
week); moderate amounts of fish, seafood, poultry, eggs
; plant-based foods (fruits, vegetables, cereals, legumes,

Poultry
Fish
Wheat flour
Rice
Cheese

Eggs
Milk
Potato
Legumes

poultry; fish, seafood, other animal-based foods (dairy,
getables, cereals, legumes, and nuts)

Fish
Seafood
Wheat flour
Rice
Cheese

Eggs
Milk
Potato
Legumes

, fish, seafood); animal-based foods (dairy, eggs);
es, cereals, legumes, and nuts)

Milk
Cheese
Wheat flour
Rice
Potato

Eggs
Legumes
Tofu
Soy
Beverage

d (beef, pork, lamb, poultry, fish, seafood, dairy, eggs)
es, cereals, legumes, and nuts)

Wheat flour
Rice
Potato
Legumes
Tofu

Soy
Beverage
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countries, and assessing the three key environmental indicators. Cross-
checking between the original search and articles reviewed in the two
articles was also conducted.

Data from only high-income countries (based on The World Bank,
2021 classifications) were included in the impact assessment. This deci-
sion was made due to the current study being conducted in a high-
income country (Australia) and because the environmental impacts of
adopting a diet lower in animal-sourced products differ between high-
and low/medium-income countries, with greater benefits reported for
high-income countries (Springmann et al., 2018). Diets termed ‘meat
partially replaced by plant-based food’ (per Aleksandrowicz et al.,
2016) were classed as flexitarian/semi-vegetarian diets. Percentage dif-
ferences in the environmental variable (from the studies that met the
above criteria) were used to calculate a score out of 10 on each environ-
mental indicator for the target diets. Due to wide variation in the per-
centage differences among studies, the median was used to enhance
internal consistency (per Aleksandrowicz et al., 2016 methodology).

3.2.2. Health impact
Searches in Science Direct and ProQuest were conducted using the

terms ‘health’OR ‘nutrient’AND ‘sustainable diets’AND ‘Mediterranean’
OR ‘vegan’ OR ‘vegetarian’ OR ‘pescatarian’ OR ‘flexitarian’ OR ‘semi-
vegetarian.’ Several articles from the environmental search also
reported health assessments, and thus were also assessed for eligibility.
As no single study assessed all the target diets on the basis of deaths
averted and all-cause mortality, studies with quantifiable changes in
deaths averted and/or all-cause mortality between average population-
level dietary intake and the target diets were included in the current cal-
culations (Aleksandrowicz et al., 2016). Total scores were calculated
using the median, for internal consistency, due to variability between
studies. Only high-income countries were included in the analysis, as
per the environmental impact methodology. Furthermore, health im-
pacts also differ between low-, medium-, and high-income countries,
with greater benefits accruing when high-income countries adopt
plant-rich diets (Springmann et al., 2018).

3.2.3. Animal welfare impact
The animal welfare assessment framework developed by Scherer

et al. (2018) was used to calculate the estimated animal welfare impact
scores for each target diet. Specifically, the ALYS, AL, and MAL scores
from Scherer et al. (2019) were used. These scores were adopted as
this study was the only study to date to apply this framework to the di-
etary guidelines of 37 countries. The researchers calculated country-
level per capita ALYS, AL, and MAL for seven animal-sourced food cate-
gories (milk, eggs, seafood, poultry, pork, beef, and other meat) using
each country's baseline daily diet (obtained from The Food and Agricul-
ture Organization [FAO] of the United Nations) and conditions during
farm life including transport and processing stressors (obtained from
EXIOBASE v.3.4, a multi-regional input-output database that incorpo-
rates a national level animal welfare component based on Scherer
et al., 2018 framework). In the current study, the averages of the country
level ALYS, AL, andMAL scores for the 28 high-income countries (based
on TheWorld Bank, 2021 classifications)were calculated anddivided by
each country's average consumption levels (of the seven animal catego-
ries reported above) to obtain the high-income country per capita ALYS,
AL, and MAL scores. These results formed the omnivore ALYS, AL, and
MAL scores. The decision to focus only on high-income countries was
driven by the need to maintain consistency with the environmental
and health impact inclusion criteria. Furthermore, livestock production
systems and regulations tend to differ substantially between high- and
low-income countries (Gerber et al., 2015), so welfare issues are likely
to also differ. The calculated omnivore ALYS, AL, and MAL scores (per
above) were converted and then applied to the daily animal consump-
tion levels of four target diets (excluding the vegan diet due to its
complete exclusion of animal products). To determine the quantity
(grams/day) of animal products in each target diet, studies that had a
544
breakdown of diet composition, from the environmental and health as-
sessment, were used. To support consistency and comparability, all
diets were scaled to 2300 cal/day—the upper level of average daily calo-
ric intake for individual energy requirements (Springmann et al., 2016).
For internal consistency in the face of variability among studies, theme-
dianwasused to compute total scores for each target diet. An overall an-
imal welfare loss score (i.e., combined ALYS, AL, and MAL) was
calculated for each diet on a scale of 0–1, with 1 representing the
greatest animal welfare concerns. In line with the absence of animal
products, the vegan diet scored zero on this scale.

3.2.4. Environmental, health, and animal welfare impact scores
The environmental and health scores (i.e., median) and overall ani-

mal welfare loss score were converted to a 10-point impact (effective-
ness) scale (1 = no effect; 10 = high effectiveness) and used in the
BPM calculation. As there were three environmental impact scores
(GHGemissions,water, and land use), the overall environmental impact
scores for each target diet were calculated using the average of the me-
dian scores for each environmental indicator.

3.3. Penetration and probability survey

Apilot studywas conducted first to assess the diet definitions and un-
derstanding of the survey questions prior to administering the survey to a
larger, more representative sample from the community. The pilot
sample comprised 131 first year psychology students at a university
specialising in distance education located in rural Australia (100
women, 30 men, 1 gender unspecified). Participants were first-year psy-
chology students who self-selected to participate and received research
participation credit for completing the survey. Ages ranged from 18 to
58 years, with a mean of 34.63 (SD= 9.31). Most respondents reported
consuming an omnivore diet over the preceding week, consistent with
other research on Australian dietary behaviours (Malek et al., 2019).
We interpret this alignment to indicate that participants understood
and were able to differentiate between the diet definitions.

3.3.1. Participants and procedure
Participants (n = 253) for the community online survey were

recruited by an online panel provider and survey administrator,
Qualtrics™ (2020). Sample size was determined based on similar stud-
ies, ranging from 150 and 300 participants (Kneebone et al., 2017;
Please et al., 2017; Sundaraja et al., 2020). Quota sampling was applied
for gender to enhance representation, and participantswhowere below
18 years of age and/or provided partial responses were screened out. A
soft launch with 43 participants was conducted and themedian time to
complete was calculated. Participants who completed the survey in less
than half themedian time (less than 120 s)were automatically screened
out. Participants completed the survey after providing informed con-
sent. Ethics approval was received from the Human Research Ethics
Committee of the University of New England (Approval No. HE19-
254). Most participants (92.5%) had completed Grade 12 and/or tertiary
and trade qualifications, with 60.1% stating they earned an income less
than AUD80,000 (35.2% reporting greater than $80,000 and 4.7% prefer-
ring not to say). Gender, age, income, and education were nationally
representative of the Australian population (Australian Bureau of Statis-
tics, 2017). Couples with children (29.2%) represented the most com-
mon household type, followed by couples (26.5%), single households
(17.8%), share houses (11.5%), single parents with children (8.3%), and
extended family living situations (children, parents, grandparents;
6.7%).

3.3.2. Measures
Aquantitative research designwas used to assess existing penetration

levels for each diet and the likelihood of adoption (i.e., probability).
Specifically, participants were presented with definitions of each of the
diets - omnivore, Mediterranean, pescatarian, vegan, flexitarian/semi-



Table 2
Environment, health, and animal welfare impact calculations for each diet, with higher
scores equating to greater benefits.

Metric Impact scores (1–10)

OMN MED PESC FLEX/SV VEG VGN

GHG emissions 1.00 3.06 6.81 3.44 7.19 10.00
Land use 1.00 7.55 7.75 3.09 9.59 10.00
Water use 1.35 5.56 5.09 2.75 10.00 1.00
Total environmental effectivenessa 1.12 5.39 6.55 3.09 8.93 7.00
Health impact (mortality/deaths
averted)

1.00 10.00 9.14 5.29 6.36 9.23

Animal welfare impact 2.12 4.86 1.00 6.64 9.14 10.00
Total effectiveness
(environmental, health, animal
welfare)

1.41 6.75 5.56 5.01 8.14 8.74

Notes: OMN = Omnivore; MED = Mediterranean; PESC = pescatarian; FLEX/SV =
flexitarian/semi-vegetarian; VEG = vegetarian; VGN = vegan.

a Average of GHG emissions, land use, and water use impact scores.
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Fig. 1. Penetration and probability of adopting five plant-rich diets.
Notes:MED= Mediterranean; PESC = pescatarian; FLEX/SV = flexitarian/semi-vegetar-
ian; VEG = vegetarian; VGN= vegan.
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vegetarian, or vegetarian (see Supplementary data for a copy of the sur-
vey) and asked to select which diet best represented what they had
eaten over the past week. The likelihood of adopting each diet was
assessed by asking participants how likely they were to follow each diet
in the future, using an 11-point scale, where 0 = not at all likely, and
10 = extremely likely (Sundaraja et al., 2020). Diets were presented in
a randomised order throughout the survey.

3.3.3. Statistics
Descriptive statistics and the average probability and penetration

scores were calculated for each target diet. The effectiveness rate of
each target diet (calculated in the review) and the survey results (pen-
etration and probability) were applied in the BPM calculation, using the
formula presented above.

4. Results

4.1. Environmental, health, and animal welfare impact results

The environmental impact calculation (based on Aleksandrowicz
et al., 2016; Batlle-Bayer et al., 2020) included 31 studies for the GHG
emissions impact assessment, 14 studies for the land-use impact assess-
ment, and 13 studies for the water-use impact assessment (see Supple-
mentary data for list of individual articles). Compared with the baseline
omnivore diet, all diets had lower GHG emissions (median −11% to
−48%) and land-use (−10% to −44%), with the vegan diet having the
greatestmedian reduction. All diets used lesswater than the baseline om-
nivore diet (−6% to−37%),with the exception of the vegandiet (+1.5%).

For health impacts, six studies (Biesbroek et al., 2014; Mitrou et al.,
2007; Orlich et al., 2013; Sabate et al., 2015; Soret et al., 2014;
Springmann et al., 2018) were included in the scores for all-cause mor-
tality and deaths averted, with all diets reducing mortality compared
with the baseline omnivore diet (median ranging from −10% to
−21%), and the Mediterranean diet having the greatest change (see
Supplementary data for list of individual articles).

Six studies (Bryngelsson et al., 2016; Goldstein et al., 2016; Meier
and Christen, 2013; Springmann et al., 2018; Ulaszewska et al., 2017;
Veeramani et al., 2017) provided a breakdown of animal products
(grams/day) and were included in the animal welfare scores. The Med-
iterranean diet was included in one study, the flexitarian/semi-
vegetarian in two studies, and the pescatarian and vegetarian in two
and five studies, respectively. Significant variations among studies
were observed in the amount of animal products in the same diet
(e.g., dairy consumption for the vegetarian diet ranged from 170 to
827 g/day). All diets scored lower (i.e., better) on the combined animal
life years suffered, animal loss, andmorally adjusted lives score (0–0.36)
than the baseline omnivore diet, with the exception of the pescatarian
diet (0.63) primarily due to a higher AL score (see Supplementary
data for list of individual articles and calculations). Environment, health,
and animal welfare impact scores are shown in Table 2.

4.2. Penetration and probability survey

The survey revealed that 70.8% of participants reported consuming an
omnivore diet over the past week, followed by flexitarian/semi-
vegetarian (14.2%), Mediterranean (5.5%), pescatarian (4.3%), vegetarian
(3.6%), and vegan (1.6%) diets. The Mediterranean diet had the highest
probability of adoption in the future, rating 5.63 on a scale from 0 to 10,
followed by the flexitarian/semi-vegetarian (4.93), pescatarian (3.64),
vegetarian (3.14), and vegan (2.63) diets (see Fig. 1; see Supplementary
data for participant characteristics).

4.3. Behaviour Prioritization Matrix (BPM)

Results from the impact assessment and survey (penetration and
probability) were applied in the BPM to obtain a total weighted impact
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score (see Table 3). Based on the BPM, the Mediterranean diet emerged
as the diet withmost overall beneficial impact, followed by the vegetar-
ian diet. While the Mediterranean diet had the third greatest total
weighted impact score, it had the highest probability of adoption. In
contrast, the vegan diet had the greatest total weighted impact score,
but the lowest probability of adoption. The diet rated the least beneficial
was the pescatarian diet, with both moderate effectiveness and proba-
bility scores.

5. Discussion

The overall aim of the current study was to assess common diets on
three major dimensions (environmental, human health, and animal
welfare), existing penetration, and probability of future adoption to
rank their overall merit in anticipated behaviour change initiatives. De-
spite the Mediterranean diet being only moderately effective in reduc-
ing environmental/heath/animal-welfare impacts (relative to the
standard omnivore diet), it had the highest overall weighted impact
score, largely by virtue of its relatively high probability of adoption. No-
tably, the sustainable diets with the greatest health, environmental, and
animal welfare benefits (e.g., vegan and vegetarian) had the lowest
probability of adoption. This result is not surprising, given that most
participants identified as meat-eaters, in alignment with previous re-
search assessing meat consumption in Australia (Malek et al., 2019).
Further, only 29% of participants reported consumingone of the sustain-
able diets, thus confirming the need to target the reduction ofmeat con-
sumption in Australia.

For most Australians, the Mediterranean diet represents a smaller
shift in dietary patterns. Despite this diet having only amoderate impact



Table 3
Behaviour Prioritization Matrix (BPM).

Plant-rich diets Impact scores Community online survey Total weighted impact

Environmental, health, animal welfare benefits
(1–10)

Inversed penetration
(0–1)

Probability score
(0–10)

Mediterranean 6.75 0.94 5.63 35.90
Vegetarian 8.14 0.96 3.14 24.54
Vegan 8.74 0.98 2.63 22.53
Flexitarian/Semi-vegetarian 5.01 0.86 4.93 21.24
Pescatarian 5.56 0.96 3.64 19.43

Notes: Sample size = 253; higher total weighted impact = greater benefits.
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assessment result, its appeal of requiring only a relatively small shift in
eating habits from our participants' typical diet suggests that it is more
likely to be adopted, and therefore more likely to make a sustained dif-
ference (Park and Barker, 2020). In contrast, a vegan diet requires
greater dietary shifts with the exclusion of all animal-sourced products
and the addition of fortified foods and/or supplements to ensure ade-
quate nutrition. Such a significant shift in dietary patterns in countries
with a long history of eating animal-sourced products appears less fea-
sible for most of the population and therefore less impactful from an in-
tervention perspective (van Dooren et al., 2014).

Assessing the overall effectiveness of each sustainable diet highlights
the importance of evaluating diets through a holistic lens. While the
vegan diet provided the highest environmental benefits on the GHG
emissions and land-use scales, it performed worse than the baseline
omnivore diet on water-use. This result is due to foods common in a
vegan diet (e.g., legumes, vegetables, fruit, and nuts) demanding high
levels of irrigation (Meier and Christen, 2013; Springmann et al., 2018).

Large variations in water-use were found between the studies (from
107% increase to 22% decrease, with median 1.5% increase), partly due
to differences in the reference diet between countries, but also due to
use of different metrics to quantify the water footprint of foods
(Berger and Finkbeiner, 2013). Nevertheless, the current results high-
light the importance of assessing a range of environmental factors to de-
termine the true environmental impacts of different sustainable diets
and effectively support the development of behaviour change interven-
tions.

The pescatarian diet performed the poorest on the animal welfare as-
sessment, having a lower score than the baseline omnivore diet due to a
high animal loss (AL) score. This result is consistent with Scherer et al.
(2019), who reported that high seafood intake countries, such as China,
Norway, and Japan, generated notably high animal welfare concerns
due to high AL. While this is a new framework that has been applied to
only one life cycle assessment (Scherer et al., 2019), these results further
highlight the importance of applying a holistic approach when assessing
the effectiveness of sustainable diets to promote dietary change. There
may not be any reasonable “one size fits all” approach in this context,
given the variation in typical diets cross-culturally, and the differences
in worldview between individuals and societies with respect to welfare
of fish in comparison with other livestock (Röcklinsberg, 2015).

The Mediterranean diet had the greatest human health benefits
(i.e., deaths averted and reduction in mortality risk), followed closely
by the vegan and pescatarian diets. These results are generally consis-
tent with past research showing the Mediterranean diet to have better
health outcomes than the other sustainable diets (e.g., van Dooren
et al., 2014). Furthermore, the Mediterranean diet is often recom-
mended by health professionals (e.g., British Heart Foundation, 2022;
The Royal Australian College of General Practitioners, 2014).

5.1. Implications for interventions

To the authors' knowledge, this is the first study to assess the impact
of a variety of sustainable diets on all threemajor relevant dimensions -
environment, human health, and animal welfare together with existing
human behaviour assessments of current (penetration) and future
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(likelihood of adoption) consumption patterns. Assessing impacts and
adoption together enables policymakers and researchers to make in-
formed decisions on which sustainable diets to target for interventions
aimed at reducing the consumption of animal-sourced products. Fur-
ther, using a behaviour model enhances the likelihood of successfully
shifting peoples' dietary behaviours. Clearly, less restrictive diets, such
as the Mediterranean diet, are more agreeable to people in high-
income countries and should be the focus of interventions in Australia
and other similarly high-income, highmeat consumption countries. De-
spite this, life cycle assessments have often focused on elimination diets
such as vegan and vegetarian diets, though the inclusion of other sus-
tainable diets in life cycle assessments is increasing (e.g., Chen et al.,
2019; Kim et al., 2020; Springmann et al., 2018; van Dooren et al.,
2014). The flexitarian/semi-vegetarian diet is one that may benefit
from additional life cycle assessment research, given its high probability
of adoption as revealed in the current study.While it was the least effec-
tive of the sustainable diets, this in partmay have been due to the varied
definitions and therefore dietary compositions in the literature, result-
ing in a range of effectiveness results.

Given the urgent changes needed to our food systems to address ag-
riculture's contributions to climate change and environmental degrada-
tion, it is important that these shifts occur sooner rather than later,
particularly in high-income countries (IPCC, 2019). Thus, the focus
should be not only on the effectiveness of different diets, but on the
willingness of consumers to shift and maintain these dietary changes,
particularly given the challenges learned from the health field around
changing eating habits (Van't Riet et al., 2011). Despite the rapid need
for shifts in diet preferences, as highlighted above, we recognise that
any diet changes will have follow-on effects on local agricultural pro-
duction, economic, and social systems (Springmann et al., 2018).
While beyond the purview of the current study, these factors also
need to be considered and addressed to support sustainable food sys-
tems.

5.2. Limitations and future directions

It is important to note that extensive variability existed in the litera-
ture assessing the effectiveness of each sustainable diet. Tominimise the
risk of over- or under-reporting, only peer-reviewed review articles
were used. The recent publications of these articles and extensive na-
ture of their reviews indicate they present a comprehensive overview
of the published literature. Limited health information was available
for comparison across all the sustainable diets, which was due, in part,
to a range of scales in the literature used to assess health. Specifically,
only one health study was used for the Mediterranean health calcula-
tion, which contrasts with three or four studies available for the other
sustainable diets. Despite limited data, the Mediterranean health bene-
fits in the current study are consistent with past research using other
health measures (Chen et al., 2019; Clarys et al., 2014; Rosi et al.,
2017; van Dooren et al., 2014).

A further consideration is that farming practices, and their associ-
ated environmental and animal welfare impacts, vary between coun-
tries. For example, the greenhouse gas emissions from beef and milk
production are substantially higher in low- to middle-income regions
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than in high-income regions (Harrison et al., 2021). While some of the
studies used in our literature review incorporated varied farming
practices in their assessments, the studies assessing only one country
were specific to that country's farming practices (Rosi et al., 2017;
Springmann et al., 2018; Veeramani et al., 2017). To improve consis-
tency, only high-income countries were included in the effective-
ness calculations. As such, the environmental, health, and animal
welfare impact calculations reported in this study could be applied
to other high-income countries. Meat consumption patterns in
Australian are also similar to many other high-income countries
(FAO, 2021), so the probability and penetration results reported
here may be consistent with, and therefore applied to, other
high-income countries.

Given the Mediterranean diet was identified as the most beneficial
sustainable diet to target, it is recommended that future research fur-
ther assess drivers and barriers to consuming this diet, through a behav-
iour model lens. To date, most research in this area has been conducted
without the use of an empirically-driven behaviour change model,
which is considered essential for developing successful interventions
(Michie et al., 2011). Furthermore, research assessing the Mediterra-
nean diet is limited and often focused on ‘at-risk’ populations
(e.g., older adults, high cardiovascular risk; Davis et al., 2015; McEvoy
et al., 2018; Zacharia et al., 2020) as distinct from all population groups.
The Behaviour Change Wheel (BCW) is a comprehensive behaviour
model that could be used to assess the Mediterranean diet in this man-
ner. This model assesses behaviours in terms of capability, opportunity,
and motivation, otherwise known as the COM-B, which then informs
which of the nine identified intervention functions to apply. The BCW
has also been utilisedwithin health and environmentalfields to shift be-
haviours and inform policy makers (McEvoy et al., 2018; Sundaraja
et al., 2021).

6. Conclusions

The urgent need to shift to plant-rich diets is now considered a vital
strategy in achieving a global sustainable food system and in combating
an important driver of climate change. Our findings indicate that, from
the diets assessed, the Mediterranean diet has the greatest potential
for improving sustainability of high-income country diets, specifically
those with high meat intake patterns, based on: (1) its effectiveness in
reducing negative environmental, human health, and animal welfare
impacts; (2) its relatively low current adoption rates in the population;
and (3) its relatively high probability of being adopted by the target
population. Our evidence demonstrates the importance of assessing
diet effectiveness within a human context to determine not only
which diets people should eat, but which diets people are willing to
eat. Without these crucial elements, any attempt to change people's di-
etary patterns is at risk of failure. By using a behaviour prioritization
model that combines social, environmental, human health, and animal
sciences, a more complete picture emerges, whereby pitfalls and realis-
tic solutions can be identified. Given the urgent need to shift our eating
habits, this research delivers the much-needed starting point on the
demand-side road map to building a more sustainable food system in
high-income countries.
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