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ARTICLE INFO ABSTRACT

Handling editor: Kathleen Keller Healthy sustainable diets have the power to improve dietary intakes and environmental resource use. However,
recommendations for improving food choices need to consider the effects of any changes across multiple di-

Keywords: mensions of health, environmental sustainability, and dietary cost to promote long-lasting behaviour change. The

Sustainability aim of this study was to identify differences between original diets, and the diets that can be achieved through

Healthy diet

Dietary change

Food system

Dietary substitution analysis

the implementation of select small dietary changes towards sustainability. Twelve hypothetical sustainable ac-
tions were investigated for the potential effects of these actions on dietary markers (protein, saturated fat, sugars,
salt, iron, and calcium), environmental footprints (greenhouse gas emissions, freshwater withdrawals, and land
use), and dietary cost. Dietary data from 1235 individuals, aged 19-94 years, participating in the UK National
Diet and Nutrition Survey (2017/19) provided the original diet. Dietary changes were implemented as required
by each sustainable action, and differences between the original diet and each new diet were investigated. Re-
sults revealed benefits to dietary markers and environmental characteristics from eleven sustainable actions
(range: F(1,728) = 5.80, p < .001 to F(1,506) = 435.04, p < .001), but effects were stronger for some actions
than for others. Greatest benefits for all three outcomes were found for actions which reduced meat consumption
and/or replaced meat with pulses or eggs. The remaining sustainable actions tended to be beneficial for
improving outcomes individually or to some degree. Our results demonstrate the possible impacts of a number of
small sustainable dietary actions for dietary, environmental, and cost outcomes, and provide a hierarchy of
actions based on benefit. Findings may facilitate dietary behaviours towards improved health, whilst also of-
fering fruitful contributions towards environmental footprint targets in the UK.

et al.,, 2014), and differential demands even within food groups (e.g.,
chicken versus beef) (Poore & Nemecek, 2018; Vieux et al., 2012). As the
global population grows, increasing agricultural, industrial, and do-
mestic demands for water, water stress (based on the ratio of freshwater
withdrawals to renewable freshwater sources (Harris et al., 2020), and
the risk of water scarcity are also becoming common concerns (Harris
etal., 2020; Larbey & Weitkamp, 2020). At the same time, the increasing
demand for food must be met on decreasing per-capita areas of available
land (Aleksandrowicz et al., 2016).

Defined as “diets with low environmental impacts which contribute to
food and nutrition security and to healthy life for present and future gener-
ations, sustainable diets are protective and respectful of biodiversity and
ecosystems, culturally acceptable, accessible, economically fair, and afford-
able; nutritionally adequate, safe, and healthy; while optimising natural and
human resources” (Food and Agriculture Organization of the United
Nations, 2010, p.9). Sustainable diets have the power to improve dietary

1. Introduction

Healthy, sustainable, and affordable diets are urgently required
(Murray et al., 2020). Numerous studies demonstrate that diets world-
wide are higher in saturated fats, salt, and sugars than is recommended
for health (Davies, 2013; Siddiqui, Salam, Lassi, & Das, 2020), and
despite links between a healthier diet and reduced risk from several
chronic conditions (e.g., cardiovascular disease, type 2 diabetes, and
certain cancers), many people still over or under-eat certain food items
(Murray et al., 2020; Sotos-Prieto et al., 2017). Sustainability concerns,
similarly, are high. The global food system is currently responsible for
approximately one third (34%) of global anthropogenic greenhouse gas
emissions (GHGEs) (Clark et al., 2020; Crippa et al., 2021) with the
greatest contributions coming from high demands for meat and dairy
products (Hyland et al., 2017; Poore & Nemecek, 2018; Scarborough
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Abbreviations

CHy4 Methane

CO, Carbon Dioxide

CO.eq  Carbon Dioxide Equivalents

FAO Food and Agricultural Organisation

GHGEs Greenhouse Gas Emissions

LCA Life Cycle Assessment

m? Meters Squared

NDNS  National Diet and Nutrition Survey
N,O Nitrous Oxide

PHE Public Health England

intakes from a health and environmental perspective. However, the term
“sustainable diet” is multi-faceted and complex (Macdiarmid et al.,
2012; Steenson & Buttriss, 2020), and past research has shown that the
understanding of the concept of sustainable diets is poor (Whittall et al.,
2023). Many misconceptions are also found which could contribute to
the barriers towards improving intakes (Llanaj and Hanley-Cook, 2021;
Mann et al., 2018).

Notably, the value of making dietary changes is often under-
estimated. The value of reducing meat consumption for improving
climate change, for example, is often undervalued by the general pop-
ulation (Froggatt et al., 2014; Truelove & Parks., 2012), and individuals
report a sense of futility or feeling that they alone cannot make a dif-
ference (Macdiarmid, 2014; Seves et al., 2017; Whittall et al., 2023).
However, despite this mention of futility, research has suggested that
individuals are willing to make subtle small changes to their diets to-
wards sustainability (Aleksandrowicz et al., 2016; Allen & Prosperi,
2016; Vanhonacker et al., 2013; Whittall et al., 2023). Small changes
have been shown to be more effective at securing long-lasting change in
dietary behaviours (Hill et al., 2003), and reportedly have impacts on
diet and health (Hill et al., 2003; Hills et al., 2013; Rodearmel et al.,
2007; Stroebele et al., 2009). Stroebele et al. (2009) found that the small
changes approach was effective in significantly reducing total energy
intake and increasing physical activity, with the reduction of total en-
ergy intake being larger than expected. Findings showed that people
seemed to understand the simple messages and translate these into
desirable behaviour changes, which could be maintained long-term.
Some research has investigated the impacts of reducing meat con-
sumption, and eating more legumes for health and the environment
(Foyer et al., 2016; Westhoek et al., 2014), but there is very little work
exploring the impact of, and directly comparing, a variety of small di-
etary changes on these outcomes (Milner & Green., 2018). Consumers
may be more willing to undertake some actions compared to others,
thus, additional benefit may be gained from providing a variety of ac-
tions in the form of a hierarchy.

Changes, furthermore, must be manageable for the population. With
4.2 million people in the UK currently living in food poverty (Depart-
ment for Work and Pensions, 2021), increases in dietary costs will not be
feasible (Reynolds et al., 2019; Tong et al., 2018). The notion that
engaging in sustainable dietary behaviours may be considered a privi-
lege, limited to those who can afford it in terms of health, time, and cost
is significant. Weber et al. (2022) appreciates the necessity of recog-
nising that not all individuals in society can prioritise sustainable food
consumption over other essential dietary needs, even if they desire to do
so. Therefore, practical recommendations to suit individual budgets are
needed for successful long-term change.

This study investigated the impacts of twelve small dietary changes
for dietary, environmental, and cost benefits. We aim to provide clear,
accessible information for each potential dietary change, allowing
consumers to make informed choices based on personal gain (e.g.,
health benefits, or reduced dietary cost), as this is vital to long-lasting
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behaviour change (Dornhoff et al., 2020; Tobler et al., 2011). All im-
pacts were also summed across all three outcomes to provide a hierarchy
of benefit. It was hypothesised that all sustainable dietary changes will
improve dietary, environmental, and cost outcomes. It was also
hypothesised that there will be differences between the sustainable ac-
tions on the degree of impact they may have on each outcome. All hy-
potheses were specified before the data were collected.

2. Methods

The present study utilised existing data from the National Diet and
Nutrition Survey (NDNS) for the UK, to investigate the dietary, envi-
ronmental, and cost differences between original diets and the diets that
can be achieved through the implementation of small changes. We
considered twelve possible dietary changes and solutions that we will
call ‘sustainable actions’ throughout this paper. To allow adequate
distinction between the effects of all sustainable actions, actions were
implemented across entire diets. In this respect, the absolute effects
demonstrate the value of the dietary shift but may not be the result of a
‘small’ dietary change, at least not for some individuals. Absolute effects
demonstrate the value of the dietary shift. Relative effects demonstrate
the value of one action compared to another. Thus, if the sustainable
actions are implemented as small changes, e.g., for one main meal per
week, the relative effects demonstrate those of greatest benefit
compared to the others. “Small changes” refers to changes that could be
implemented with limited cost or effort, although everyone’s definitions
of a small change, limited cost, and limited effort will differ. The small
changes outlined in this paper, would also apply proportionally if an
individual followed one of the changes to a lesser degree (e.g., reduced
meat consumption by 10% instead of 20%) so each of the changes could
be viewed as a direction of travel rather than steps of pre-determined
size.

2.1. Population sample and dietary data

Dietary data were derived from the UK population participating in
the NDNS during waves 10-11 (2017-2019), so no participants were
recruited specifically for our study. The NDNS is a rolling programme of
cross-sectional self-reported surveys with 1235 individuals aged 19-94
years (507 males (mean (SD) age = 50.4 (17.9) years; 728 females (mean
(SD) age = 48.9 (17.8 years). It constitutes nationally representative
dietary intake data and provides the most recent, accessible source of
dietary data for the UK population, before the COVID-19 pandemic
occurred (Public Health England, 2019). The NDNS data provides
quantities (in grams) of all food and drink items consumed over 4
consecutive days, per main food group (e.g., vegetable), sub food group
(e.g., carrots), and per individual food item (e.g., carrots raw). Infor-
mation from McCance and Widdowson’s ‘The Composition of Foods’
book 6th edition (2014) was then used to calculate the energy and
nutrient composition of each dietary entry. All reported foods were used
to compile the data set for this study, with the exception of those with
insufficient food descriptions. Records of outliers and potential
under-reporters were checked for coding errors but were not excluded,
as we preferred to use the complete NDNS data set to ensure greater
generalisability to the general UK population and to reduce bias.

2.2. Sustainable actions

We investigated twelve hypothetical sustainable actions, as shown in
Fig. 1. These sustainable actions were identified from a review of liter-
ature on sustainable eating (Akhtar & Isman., 2018; Audsley et al., 2010;
Berners-Lee et al., 2012; Berners-Lee, 2020; Clune et al., 2017; Crippa
et al., 2021; Frankowska et al., 2019; Garnett, 2011; Gephart et al.,
2021; Horgan et al.,, 2016; Hyland et al., 2017; Macdiarmid, 2014;
Masset et al., 2014; Oonincx et al., 2010; Poore & Nemecek, 2018; R60s
et al., 2015; Scarborough et al., 2014; Wilson et al., 2019) and focused
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2. Replace all meat
items for pulses (e.g.,
beans, lentils).

1. Reduce meat intake
by 20%.

3. Replace all beef,
chicken, pork, and
lamb intake for offal
products (e.g., heart,
liver).

4. Replace all beef,
pork, and lamb intake
for chicken.

5. Replace all meat
intake with future food
substitutes (e.g.,
crickets, Quorn).

6. Replace all meat
items for fish that are
low in the food chain.

7. Replace all fish
items that are high in
the food chain for
lower alternatives.

8. Replace all meat
items for eggs.

9. Replace all meat
items for soft cheeses.

10. Replace all meat
items for hard cheeses.

11. Reduce snacking
by 50%.

12. Replace all snacks
for apples.

Fig. 1. The twelve hypothetical sustainable dietary actions. Sustainable action five defines ‘future foods’ as foods which can be produced in a significant volume,
which are often land-efficient alternatives for traditional animal-sourced foods, but can be produced with key environmental benefits while providing essential

nutrients (e.g., crickets, larvae, mealworms) (Parodi et al., 2018).

on the concept of small dietary changes. Small changes typically involve
behaviours that individuals already undertake and have been argued as
more feasible to achieve and maintain than large changes, following
feelings of success and increased self-efficacy (Hills et al., 2013). We also
incorporated the notion of moving between product categories e.g.,
meat to pulses as this has been found to be successful for encouraging
sustainable eating practices (Hoek et al., 2017).

Consideration of published studies and commentary allowed us to
identify 12 actions that may hold potential to improve the sustainability
of diets, while the range and diversity of all possible solutions cannot be
digested within the bounds of this article.

We tested the feasibility of our sustainable actions during a public
talk with 31 participants. The sustainable actions were displayed to
participants, and we asked whether they thought they were acceptable,
and likely to be followed. Responses confirmed our choice of actions.
Additional actions were also discussed, but difficulties implementing
these with the existing data set precluded the inclusion of these.

2.3. Dietary impacts

Impacts on several markers of a healthy diet were investigated:
protein, saturated fat, sugars, salt, iron, and calcium. These markers
were chosen as National dietary data shows that the UK population is
consuming more saturated fat, sugars, and salt, but insufficient calcium
and iron than is recommended for health (Caraher & Hughes., 2019;
Whitton et al., 2011) and while protein consumption is often adequate,
concerns over low protein consumption are also prevalent for some
population groups, including children, older adults, and those following
a vegan diet (Bakaloudi et al., 2021; Morris et al., 2020). Past research
has also indicated that concerns about protein adequacy can act as
barriers to reducing meat consumption or consuming more sustainable
diets (Circus & Robison., 2019; Hartmann & Siegrist., 2017).

2.4. Environmental footprint

We considered GHGEs, freshwater withdrawals, and land use as
markers of environmental impact, largely due to data availability. The
GHGEs of the foods are expressed as carbon dioxide equivalents
(CO2eq), and include emissions of carbon dioxide (CO5), methane (CHa),
and nitrous oxide (N20) (Poore & Nemecek, 2018). These data were
based on outputs from partial or complete Life Cycle Assessments (LCA),

compiled from published literature (Akhtar & Isman., 2018; Audsley
et al., 2010; Berners-Lee et al., 2012; Berners-Lee, 2020; Clune et al.,
2017; Crippa et al., 2021; Frankowska et al., 2019; Garnett, 2011;
Gephart et al., 2021; Horgan et al., 2016; Hyland et al., 2017; Mac-
diarmid, 2014; Masset et al.,, 2014; Oonincx et al., 2010; Poore &
Nemecek, 2018; Roos et al., 2015; Scarborough et al., 2014; Wilson
etal., 2019) and the Hestia Database (https://www.hestia.earth). LCA is
a comprehensive, internationally standardised method for assessing the
environmental impact of a product or system over its whole life: from
production and distribution through to consumption and disposal.
Freshwater withdrawals are measured in litres per 100g of food product
(1/100g). Land use is measured in meters squared (m?) per kilogram of a
given food product. Value indicators were defined by using the average
value of all reported values across all relevant publications. Global
average data were used when country-specific estimates of environ-
mental footprints were not available.

2.5. Dietary cost

To estimate the cost of each diet, food prices for individual items
were collected (during the period June—July 2022) from www.trolley.
co.uk, which reports grocery item pricing at all major UK supermar-
kets including Tesco, Sainsbury’s, Asda, Aldi, Morrisons, Ocado, Wai-
trose, Poundland, Co-op, Iceland, B&M, and Wilko. In total, 330 prices
for 110 food products were collected, and were adjusted for the weight
of individual food items. The average of all collected prices per food (UK
pounds per kilogram) was used.

2.6. Implementation of the sustainable actions

Effects of each sustainable action were investigated by first assessing
the dietary impacts, environmental footprint, and cost of the existing
diet. Next, several dietary substitution outcome analyses were con-
ducted, where select food items and/or quantities were substituted for
original food items, as dictated by each sustainable action. Substitutions
were made per portion, for example, for sustainable action 2, 1 portion
(100g) meat was substituted with 1 portion (80g) pulses. Analyses were
also conducted on a weight-for-weight basis, where, for example, for
sustainable action 2, 100g meat was substituted with 100g pulses. These
secondary analyses were done to represent a straightforward dietary
swap. However, we are aware that most foods are consumed in portions,


https://www.hestia.earth
http://www.trolley.co.uk
http://www.trolley.co.uk

D.J. Guy et al.

thus, the results of the straightforward swap are presented in the sup-
plementary materials for interest.

2.7. Data analysis

The analysis plan was pre-specified in advance of data collection.
Impacts of all substitutions were investigated for impacts on dietary and
environmental markers using MANOVA, and for dietary cost using t-
tests, to explore the differences between original UK diets and the diets
that can be achieved following implementation of each sustainable ac-
tion. Data were first described using means and standard deviations, and
checked for the assumptions for parametric tests. Separate analyses were
conducted for dietary markers, environmental markers, and dietary cost,
and significant main effects were subsequently investigated for effects
on each of the environmental characteristics (GHGEs, freshwater with-
drawals, and land use) and each of the dietary markers (protein, satu-
rated fat, sugars, salt, iron, and calcium), as appropriate. Analyses were
conducted twice, once for males and once for females, considering the
different dietary attitudes and intakes often reported between genders
(Grymislawska et al., 2020; Public Health England, 2019).

Effects were then scored based on the statistical significance of the
impact they had on the dietary markers, environmental, and cost out-
comes. Each effect was scored either —1 (red), 0 (white), 1 (green)
depending on whether the new diet had a statistically-significant (*p <
.05, **p < .001) negative, neutral, or positive effect, respectively, on
each outcome versus the original diet. Scores for diet, environment, and
cost were then calculated by adding all components and dividing by the
number of components to provide a score from —1 to 1, for each
outcome, and these scores were then also added to provide an overall
score from —3 to +3 for effects on health, environment, and cost
together. Higher scores denote dietary profiles that are healthier, use
less environmental resources, and are of lower cost.

Data extraction and searching was done for all included data be-
tween April and August 2022, by one investigator (DJG) with repeated
feedback on the extraction process and extracted content from both co-
authors (JB, KMA). The study was given ethical approval by the
Research Ethics Committee of Bournemouth University, UK, prior to
commencement (ID: 42948). All data were analysed using SPSS 28 and
Microsoft Excel.

3. Results

Mean (and standard deviation) for the six dietary markers, the three
components of environmental footprint, and for dietary cost for the
original diet and for each new diet using substitutions based on standard
portion sizes are given in Tables 1 and 2, for the data from males and
females respectively. Pillai trace statistics for all complete MANOVA
models are given in Supplementary Tables S1 and S2. Pillai’s trace is the
sum of variance which can be explained by the calculation of discrimi-
nant variables, thus, the closer Pillai’s trace is to 1, the stronger the
evidence that the explanatory variable has a statistically significant ef-
fect on the values of the outcome variables. All overall models were
statistically significant, with the exception of that for sustainable action
11 (reduce snacking by 50%). Analyses using substitutions conducted on
a weight-for-weight basis where these differ from those on standard
portion sizes are given in the Supplementary Materials, Tables S3-S6.

4. Discussion

This study used a substitution approach to determine the effects of
select dietary changes to six dietary markers, three markers of envi-
ronmental footprint, and cost of the average UK diet. Results revealed
benefits to the dietary markers and environmental characteristics with
eleven of the twelve different sustainable actions investigated, but ef-
fects were stronger for some actions than for others. Using these specific
markers, compared to the original diet from the NDNS, the sustainable
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actions most beneficial for future health, environmental, and dietary
cost outcomes together for the general UK population were: replacing all
meat items for eggs, replacing all meat items for pulses, replacing all meat
items for hard or soft cheeses, and reducing meat consumption by 20%.
These sustainable actions offered a new diet that was cheaper, of a lower
environmental footprint, and was largely healthier considering the
markers investigated. All diets contained adequate protein and calcium,
and most had less saturated fat, salt, and sugar. The rest of our sus-
tainable actions had some impacts in the desired direction or tended to
be beneficial for improving either environmental, health, or cost out-
comes individually.

Out of all our sustainable actions it is evident that those with efforts
to reduce meat consumption and/or switch from meat consumption to
other more sustainable protein sources, such as eggs, and pulses, are the
most influential for all outcomes together. Repeated previous work also
demonstrates this association between meat consumption and healthy
sustainable dietary consumption (Macdiarmid et al., 2016; San-
chez-Sabate & Sabaté, 2019). The health benefits of eggs, pulses, and
dairy foods, and the environmental benefits of egg and pulse con-
sumption are also well recognised (Foyer et al., 2016; Hartmann &
Siegrist., 2017; Horgan et al., 2016; Macdiarmid et al., 2012; Macdiar-
mid, 2014; Roos et al., 2015; Seves et al., 2017; Westhoek et al., 2014).
Our study adds to these previous findings by demonstrating the value
and the comparability of these approaches in dietary, environmental,
and cost outcomes when considered together. Notably, our study also
demonstrates the value of these specific substitutions, compared to those
that involve switching from the consumption of specific types of meat to
the consumption of other types of meat, namely chicken, fish, or future
foods. Caution should be exercised here considering the specific and
limited markers of both diet and environmental impact that we
considered, but the low relative impact of these actions involving
alternative meat sources is notable.

The relatively low impact of replacing all ruminant beef, pork, and
lamb intake for chicken is of particular interest. All actions were
considered to be ‘sustainable’, so were likely to impact environmental
markers, and the extent of this impact may reflect by specific aspects of
the environment investigated, but this one action had lower environ-
mental benefits than almost all other actions investigated. This is
important as a societal shift from eating beef to eating chicken has
previously been considered a key factor in encouraging healthy sus-
tainable diets (Connolly et al., 2022). A variety of mixed-methods
studies have found that public perceptions around meat consumption
are affiliated with personal, social, and cultural values (Dagevos, 2021;
Macdiarmid et al., 2016; Whittall et al., 2023), thus researchers have
suggested the replacement of animal meats with the meats of other
animals of comparable cultural acceptance and meaning. Changing
patterns in meat consumption show that people are thinking about the
environmental impact of what they eat (Macdiarmid et al., 2016;
Whittall et al., 2023), however, our findings would suggest that the
benefits of these changes in meat consumption may be small compared
to those that can be achieved through reducing the consumption of all
meat by 20% and/or the consumption of other non-meat protein sources
(Lima et al., 2022; McDermott & Wyatt., 2017; Onwezen et al., 2021).
With an interest in impact or value, focus on these alternative protein
sources (e.g., eggs and pulses) may achieve greater results.

Some benefits, furthermore, were found for all actions, excepting
one. These findings demonstrate a level of flexibility for consumers, in
the possible changes that they can make to achieve a healthier and more
sustainable diet. Dietary guidelines focus on national goals for health to
prevent disease and deficiencies in the population, but they tend not to
consider the social, personal, economic, and cultural aspects of our di-
etary choices (Shepherd, 1999). Eating habits are socially constructed,
and food can be an important part of people’s identity, as above, and it
has been recognised for a long time that for many people these concerns
matter more than nutrition or the environment (Bisogni et al., 2002).
This study demonstrates that a range of sustainable actions can be
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(30g portion size) » =001 <0017 0.88 =001 |_=001** <001+ <001+ <001%* <001% <0017
- T [Mean | 12675 1424 5125 101243 714 134381 3775 553.88 3448 446
St RZ%’;,EFPL'Z;{:':%’-" 0% SD 109.27 13.58 4558 802.78 579 120.06 0.16 41.69 483.53 4629 0.00 339 0.00 0.16
» 0.89 0.02* 0.2 0.3 0.26 0.19 0.88 0.86 0.91 0.69
Mean 137.04 14.50 53.06 869.13 7.22 139.61 29.22 505.09 33.73 4.60
S12: Only snack on apples SD 116.05 12.60 4584 733.19 5.66 119.60 0.16 33.89 42468 4251 0.66 3.58 0.00 0.82
(100g portion size) » 0.18 0.06 036 <001%* 035 050 <001%* 0.05* 0.70 0.82

Statistical significance of all t-tests on dietary cost (new diet vs current UK diet) are also given in column 14. Statistical significance of all tests per dietary
component and all environmental components are given in columns 3-8 and 10-12, respectively. Sustainable actions were scored either —1 (red), O (white), 1
(green) depending on whether the new diet had a statistically significant positive, neutral, or negative effect, respectively, on each outcome versus the original
diet. Scores for cost, environment, and dietary profile were then calculated by adding all components and dividing by the number of components to provide a
score from —1 to 1, for each outcome, and these scores were then also added to provide an overall score from —3 to +3. Higher scores denote dietary profiles that
are healthier, use less environmental resources and are of lower cost. CO»-eq/kg (GHGE impact per kilogram of a given food product), 1/100g (freshwater
withdrawals are measured in litres per 100g of a given food product), and m? (land use is measured in meters squared per kilogram of given a food product).
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Table 2
Means, standard deviations, and significance — current UK diet versus different sustainable actions: Female (N = 728). *p < .05 **p < .001.
Protein | Siturated | Total Salt Iron | Caleium | Dietary | co, Freshwater |y, yse | Environmental | ltem Cost | Overall
® Fat Sugars ) (me) ) Score oy | Withdrawals e Score Cost Score Score
® (@ W100g) (per 100g)
original UK it Mean | 14838 19.42 57.06 97514 217 4373 a4 74481 8625 487
SD 10837 17.88 36,18 769.72 3218 12048 3650 676,77 §9.19 31
- [ Mean [IIIR4 12,11 57.06 888.05 1434 12984 38.65 700.60 6415 405
St R"‘L",ﬁ,i';}';",f:ff’l’i )'4" 20% SD 79.02 1022 4618 703.04 4.09 117.45 032 35.50 666.72 85.99 1.00 3.09 1.00 1.68
» —001°* —001+ 0.99 055 001 | =001* —001* <001+ —001°* —001*
'S2: Replace all meat items for | Mean [ 50.50 6.08 5778 419.20 1135 148.29 856 56346 12.86 2.64
pulses. SD 3275 489 46.20 546,68 11.35 120,01 0.16 6.50 384.86 12.49 100 1.86 100 2.16
(80g portion size) » —001* 001" 0.76 001 | =001 _|_=001** 001+ 001" —001* <001*+
S3: Replace all becf, chicken, | Mean | 17581 877 5697 86614 3246 36997 2853 58198 77.04 482
pork, & lamb intake for offal SD 13267 254 46,18 73645 2651 3251 0.16 2.2 649.14 7138 100 3.20 1.00 216
(100g portion size) » ~001%% —0017* 0.97 025 “001+ 0.65 “001* <0017 001" 001"
'54: Replace all raminant beef, | Mean | 123.46 1292 5697 78323 217 136.66 3227 610.02 57.06 474
pork, and lamb intake for chicken. | _SD 107.58 17.86 46,18 71667 3226 119.83 0.33 34.04 676.66 87.14 0.33 3.01 0.00 0.66
(100g portion size) )2 0.92 0.003* 0.97 <.001%* 0.79 0.68 0.002* 0.66 0.06 0.86
'55: Replace all meat intake widh | _Mean_| 20171 3750 5697 83060 26.28 66118 898 16472 3450 4553
Juture food substis ) 135.00 27.28 46,18 705.07 18.95 430.82 048 8.10 145.89 31.84 1.00 36.23 -1.00 0.52
(100g portion size) » ~001°* <001% 0.97 0,004 0,003 <001** <0017 <001 <001%* <001%*
'S6: Replace all meat items for fish |_Mean 102.26 1325 56.97 711.08 16.76 137.06 17.23 319,51 30.03 221
that are low in the food chain. SD 72.82 9.12 46.18 666.69 13.99 120.15 0.00 12.06 230.21 22.58 0.66 2.69 0.00 0.66
(100g portion size) > 0.006* 0.05% 028 001 | _<001°F 0.68 —001* 001" 092 059
'S7: Replace all fish items that are | Mean | 11237 13.58 59.62 636.60 873 54715 3041 497.59 3118 3.68
Highnthe food chain for lower |51 8132 1141 4348 61883 517 02254 0.16 2954 35355 36.09 0.00 245 1.00 116
(100 vt sze) » 082 0.22 0.99 <001%* | <001%* <001%* 0.16 0.99 0.49 <001%*
'S8: Replace all meat items for _|_Mean [ G100 1085 5736 635.61 1067 21467 1291 3083 1279 2.68
eggs. SD 3821 8.73 46.18 608.41 6.64 161.78 0.16 8.63 353.77 12.48 1.00 1.87 1.00 2.16
(120g portion size) » —001°* —001* 0.89 001 | <001 | <001** 001+ —001* —001** <0017+
'59: Replace all meat items for | Mean | /51.08 14.66 57.04 68539 7.81 41186 1211 37482 1532 276
hard chees ) 33.18 13.15 46.18 64046 6.70 392.14 0.00 797 36740 13.43 1.00 1.89 1.00 2.00
(308 portion size) » —001+ —001+ 0.88 001" | _<001°% 0.17 —0017* 0.01% —001+ —001+
$10: Replace all meat items for | Mean [/ 4925 1322 5736 03404 7.69 22565 1094 36743 1426 281
soft cheeses. SD 32.44 11.44 46.18 607.49 6.75 172.14 0.16 7.17 370.21 12,94 1.00 1.91 1.00 2.16
(30g portion size) » —001%* —0017* 0.89 001" | _<001%F | _<001°* “001* <001 001" 0017
- Mean | 11230 12.14 5353 9%37.73 653 127.82 217 490,94 2954 419
S11: Reduce snacking by 50% SD 8184 1102 45.40 796.32 435 121.90 0.33 30.29 353.39 35.56 0.00 2.90 0.00 0.33
(100g portion size)
13 0.80 <.001** 0.01* 0.04* 0.04* 0.07 0.78 0.72 0.84 0.51
Mean | 11841 12.68 5579 842,16 664 13143 2684 45247 3041 430
S12: Orly snack on apples SD 79.83 1066 45.94 749.38 4.04 11871 033 23.80 316.08 30.59 0.66 2.79 0.00 0.99
(100g portion size) » 023 0.005* 0.12 <001+ 0.10 022 <001%% 0.01% 0.76 0.92

Statistical significance of all t-tests on dietary cost (new diet vs current UK diet) are also given in column 14. Statistical significance of all tests per dietary
component and all environmental components are given in columns 3-8 and 10-12, respectively. Sustainable actions were scored either —1 (red), O (white), 1
(green) depending on whether the new diet had a statistically significant positive, neutral, or negative effect, respectively, on each outcome versus the original
diet. Scores for cost, environment, and dietary profile were then calculated by adding all components and dividing by the number of components to provide a
score from —1 to 1, for each outcome, and these scores were then also added to provide an overall score from —3 to +3. Higher scores denote dietary profiles that
are healthier, use less environmental resources and are of lower cost. CO»-eq/kg (GHGE impact per kilogram of a given food product), 1/100g (freshwater
withdrawals are measured in litres per 100g of a given food product), and m? (land use is measured in meters squared per kilogram of given a food product).
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implemented for some impact. This gives more choice and freedom to
the individual and may further encourage individual efforts to adopt
realistic climate-friendly eating habits (Cordts et al., 2014; Graca et al.,
2019; Macdiarmid et al., 2016; Mann et al., 2018; Waldman et al.,
2023).

This variety in effect, further, supports previous work suggesting that
the concept of sustainable eating is multifaceted and complex (Mac-
diarmid et al., 2012; Steenson & Buttriss., 2020). Past research shows
that consumers may be willing to make changes towards their diet, but
they remain inactive due to a lack of understanding of what a sustain-
able diet involves (Mann et al., 2018; Riley & Buttriss., 2011; Whittall
et al., 2023)

An important strength of this study is the investigation of realistic UK
diets across multiple dimensions of dietary profile, environmental sus-
tainability, and dietary cost, while previous research has tended to focus
on these dietary or environmental concerns in isolation (Donati et al.,
2016; Macdiarmid, 2014). However, our analyses also have several
limitations that will limit interpretation of our findings, and many of
these relate to data availability and quality. The food diary method used
in the NDNS has been shown to underestimate food consumption and
may not represent people’s usual dietary patterns due to social desir-
ability effects (Macdiarmid & Blundell., 1998). Despite this limitation,
the NDNS presently constitutes the only nationally representative di-
etary data for the UK population. Accurate information of environment
effects is also difficult to gain, due to many contributors to environ-
mental footprints and the changing effects of these contributors with
time, changes to farming, food processing, storage, and transportation
practices and technologies. Every effort was made to use current,
context-specific data on the environmental footprints of foods, although
it was not always possible to use GHGEs, freshwater withdrawals, or
land use estimates that represented the country of origin of a particular
food. The environmental data necessarily came from multiple sources
and the methods used may not always have been comparable, which will
also have led to some inconsistencies in our estimations. Caution should
also be exercised considering our consideration of only select environ-
mental and dietary markers, while other factors may be of greater
importance or influence in other countries or in certain population
groups. The extrapolation of our results is also limited by the fact that we
only considered select sustainable actions. Possible actions such as
consuming seasonal fruits and vegetables or buying foods farmed in the
UK, for example, were not open to investigation within the NDNS data
set, but would also be of interest. We are aware, furthermore, that cat-
egorising food as good or bad in terms of healthiness or environmental
impact is an oversimplification, that could easily be misinterpreted
(Lobstein & Davies., 2009). It is also important to note that the profiles
of food items included are indicative and calculated on averages, while
differences within food categories may exist: for example, an organic
chicken may have a different dietary, environmental, and cost profile
compared to a battery-farmed chicken. Our measures of each food item
are a broad evaluation that may not mirror the exact reality of individual
purchases. Comparison of the results based on the method for the sub-
stitution demonstrates the importance of the methods used.

5. Conclusions

Several select dietary changes, labelled ‘sustainable actions’ e.g.,
‘Replace all meat items for pulses’, were substituted into an average UK
diet to determine the impact of these dietary changes on various dietary
markers, environmental characteristics, and dietary cost. Greatest ben-
efits on all three outcomes were found for the actions which reduced
meat consumption and/or switched from consuming meat to consuming
other more sustainable protein sources, such as eggs and pulses. Some
benefits were found however for all actions, demonstrating the value of
dietary change, and offering some level of flexibility for the consumer.
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