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Abstract: Climate change is a global priority requiring immediate action. A thorough
understanding of the source of greenhouse gas emissions is essential to inform reduction
strategies. This study aimed to quantify the climate footprint of two therapeutic diets—one
diet for an adult with coeliac disease and one diet for an adult with type 2 diabetes—and
then compare the climate footprint of these diets with the standard Australian diet and
the Australian adapted EAT Lancet Planetary Health Diet. In addition, potential areas for
reductions in greenhouse gas emissions were explored. All diets were developed for a
71-year-old male reference person. The amount of carbon dioxide produced by each diet
was determined using the GWP* calculator for the reference person. Both the gluten-free
and diabetic diet had a measurable climate footprint and were not considered climate-
neutral. The diabetic diet produced 1.35 kg of carbon dioxide equivalents [CO,e] per day,
and the gluten-free diet produced 2.51 kg of CO,e per day. Meat, dairy, and discretionary
foods were the major contributors to the climate footprint of the two therapeutic diets.
Substituting lamb for beef and soy milk for cow milk in the Australian context resulted
in a 25% reduction in the climate footprint for the diabetic diet and 29% reduction for
the gluten-free diet. Dietetic advice to reduce the climate footprint of therapeutic diets
for coeliac disease and type 2 diabetes should focus on adapting diets to reduce animal-
based products.

Keywords: climate footprint; Australian diet; nutrition; climate change; GWP*; dietary
modelling

1. Introduction

Climate change requires immediate action to stabilise the future of our planet [1].
There are several existing global targets outlining the scope of change required. The
Paris Agreement [2], Agenda 2030 [3], and the United Nations’ Sustainable Development
Goals [4] all seek to prioritise human health whilst simultaneously promoting environmen-
tal sustainability.

The Intergovernmental Panel on Climate Change [1] predicts that global warming of
1.5 °C will be exceeded during the 21st century unless drastic reductions in carbon dioxide
(COy) and other greenhouse gas emissions occur in the coming decades [1].

The consequences of this warming will include increases in the frequency and intensity
of extreme weather patterns such as heatwaves, droughts, and precipitation [5]. These
repercussions of climate change will be reflected in the disruption of and negative impact
on terrestrial ecosystems and food security by contributing to desertification and land
degradation [5].
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Climate change and poor environmental conditions affect both food supply and
security, through decreased crop yield, availability, and quality, which in turn negatively
impact health [6,7]. A thorough understanding of the sources of greenhouse gases (GHGs)
is essential for achieving climate stabilisation.

It is estimated that food production alone contributes between 19 and 29% of total
global GHG emissions [5], with an additional 5-10% of GHGs from the combined effects of
waste, consumption, and food processing [5,8]. Current Australian food production and
consumption patterns are unsustainable and contribute to climate change [4,9,10].

Factors such as urbanisation and eating a Western-style diet are among the highest
drivers leading to the instability of current food systems [8]. A typical Western-style
diet contains excessive quantities of dairy, red meat, and discretionary items compared
to the recommended healthy eating guidelines [11,12] and contributes to environmental
degradation [10,13]. Discretionary foods that are high in saturated fat, added sugar, and
salt amount to 27% of diet-related GHG emissions in Australia [12,13].

Existing research has indicated the potential for significantly lowering GHG emissions
through the consumption of a diet consistent with the Australian Dietary Guidelines
(ADG) [9,11]. Ridoutt et al. [9] analysed dietary data from >9300 adults in the Australian
Health Survey to determine the CO, produced per person each day. The analysis suggested
that an average diet of 9514 k] /day for a 71-year-old produced 3.1 kg of carbon dioxide
equivalents per person per day (CO,e), whereas a diet consistent with the ADG was 42%
lower, producing only 2.07 kg (CO,e) per day.

Given the urgency to address climate change and the intrinsic relationship between
climate change and food, many dietetic accreditation bodies now explicitly require dietitians
to understand and consider sustainability in their daily practice [6,14]. This extends to the
provision of individual medical nutrition therapy, as well as advocacy for sustainable diets
at a population level through policy change [6,14,15].

Minimal research and guidance exist to help dietitians apply these competencies, and
there are insufficient data that quantify the environmental impact of various therapeutic
diets in the Australian context [9,16,17]. We sought to quantify the impact of two common
therapeutic diets managed by dietitians: the diabetic diet and the gluten-free diet.

Diabetes impacts approximately 5% of the Australian adult population [18]. The
primary goals of treatment for diabetes are to consume a healthy diet to maintain a healthy
weight range and reduce hyperglycaemia [19]. Coeliac disease is another common disease,
affecting 1 in 70 Australians [20], with the only treatment being adherence to a strict
gluten-free diet [20].

The role of therapeutic diets in the treatment of patients with diabetes and coeliac
disease is integral to their management. Given the growing prevalence of these non-
communicable diseases, a better understanding of the climate impact (or footprint) of these
therapeutic diets is required. Currently, the lack of data on the climate impact of therapeutic
diets limits the ability of health professionals and nutrition experts to make evidence-based
recommendations regarding sustainable diets and lifestyles.

The aims of this study were as follows: (i) to quantify the climate impact (footprint) of
two therapeutic diets, one for an individual with type 2 diabetes and one for an individual
with coeliac disease; (ii) to compare the climate footprint of these diets with that of two
reference diets (the current Australian diet; the Australian adapted EAT Lancet Planetary
Health Diet); and (iii) to identify potential areas for reductions in greenhouse gas emissions
in the therapeutic diets, offering a tangible solution for clinicians and patients. We hypothe-
sised that the diet for people with type 2 diabetes and the gluten-free diet would have a
neutral climate footprint and produce < 0 kg/CO;e per day. The findings of this research
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may assist dietitians in the provision of dietetic education by improving our understanding
of the environmental implications of these therapeutic diets.

2. Materials and Methods
2.1. Study Design

This was a desk-based study using publicly available data and did not require ethi-
cal approval.

2.2. Reference Diets

This study consisted of a secondary analysis of dietary data obtained from the follow-
ing sources:

1. The Australian adapted EAT Lancet Planetary Health Diet, found in Supplementary
Material Table S1 [21]. The Planetary Health Diet (PHD) was designed to be both
sustainable and nutritionally adequate. To reflect the Australian context, the diet
was adapted to include Australian vegetables such as sweet potato, with cassava and
coconut oil in the place of palm oil (Supplementary Material Table S2).

2. The dietary intake of an Australian male aged 71 yrs was obtained from a previous
study [22], whereby a food basket was constructed for an elderly couple based on
the 2011 Australian Health Survey and with food intake consistent with the current
Australian diet (Supplementary Material Table S3). The diet of the 71-yr-old male
had significant amounts of energy from excessive discretionary food intake, with
items generally high in saturated fats, added sugar, and salt, as well as meat intake
exceeding the recommended levels.

3. A meal plan for an adult with type 2 diabetes (Supplementary Material Table 54).
This was developed based on the Australian Dietary Guidelines [12] and based on
freely available dietary education material provided by Diabetes Australia [23]. The
meal plan contained 3 carbohydrate exchanges in main meals and one exchange in
mid-meals. The meal plan additionally included low-glycaemic-index items and was
low in added sugars and saturated fat.

4. A meal plan for an adult with coeliac disease (Supplementary Material Table S5). This
was developed to meet the Australian Dietary Guidelines and to adhere to a strict
gluten-free diet. The meal plan was constructed from the freely available dietary
resources provided by Coeliac Australia [24].

All meal plans were adjusted to meet the nutrient needs of a 71-year-old male, which
reflected the demographic profile of people most impacted by type 2 diabetes in Aus-
tralia [18]. This reference person was selected to model the gluten-free diet for ease when
comparing the results of the carbon footprint of the two therapeutic diets. This elderly
reference person was consistent with a previous Australian study quantifying the climate
footprint of a diet for a person with chronic kidney disease [17]. The Australian Nutrient
Reference Values (NRVs) [25] were used to determine the energy needs of the reference per-
son, assuming a physical activity level (PAL) of 1.4 (very sedentary) and weight of 85.8 kg,
which is the median weight for a male in this age group according to the 2017 Australian
Health Survey [26]. These calculations equated to an estimate of 8900 k] per day.

2.3. Calculation of Climate Footprint

The climate footprints of the diets were estimated using the Global Warming Potential*
(GWP?), the gold standard for estimating the climate footprint of foods [27]. The GWP*
evaluates climate impact by specifically including cumulative impacts from CO, and the
additional contribution of short-lived gases such as methane [27]. As a result, the metric
is particularly relevant to the evaluation of diets as methane, a comparatively short-lived
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GHG, is one of the most notable emissions from contemporary food systems [9,27,28]. The
GWP* uses a Life Cycle Analysis (LCA) approach, considering all environmental impacts
of food production and consumption including land use, water use, and gases produced in
each stage of production [27,29,30]. The GWP* quantifies the amount of carbon dioxide
(CO,) produced, as well as other gases via the conversion of gases such as nitrous oxide,
methane, and hydrofluorocarbons into carbon dioxide equivalents (CO,e).

Nutritionally complete meal plans for each therapeutic diet for the reference person
(71-year-old male) were analysed, with food intake converted to grams per day. This
was achieved through utilising measurements of the meal plan when available and using
standard measurements when specifics were not available. Teaspoons and tablespoons
were measured as 5 g and 20 g, respectively. Food items described as whole dishes in the
meal plans were broken down into core food ingredients in grams for analysis. For example,
a gluten-free zucchini slice was entered into the calculator using the recipe on the Coeliac
Australia website and including the weights of raw ingredients. The nutrient analysis
programme FoodWorks 10 [31] was utilised for determining portion sizes of individual
foods in grams for standard mixed dishes. The fruit and vegetable portion size was chosen
as a medium or standard size according to the software, unless explicitly stated on the meal
plan. The largest Australian online grocery store chains (Coles and Woolworths) were used
to determine the size in grams of commercial products, such as gluten-free bread, pastas,
and biscuits. The total weekly amount of food in grams per food group was calculated and
then divided by seven to determine the daily amount.

Individual food items in grams per day were entered into the GWP* calculator [9]
to determine the COye. This tool was developed by Ridoutt et al. [9]. This calculator
comprised an excel spreadsheet of 232 Australian foods with CO,e values for each food.
The weight of each food in the meal plan was multiplied by the GWP* CO,e value to arrive
at the final amount of COye produced by each diet.

Food items not available in the calculator required appropriate substitutions to be
made. A full list of ingredient assumptions and substitutions can be found in Supplemen-
tary Material Table S1. This required examining food items and dishes to determine the
specific ratio and individual ingredients that made up the items and calculating the amount
in grams of an appropriate substitute for entry into the calculator. For example, gluten-free
bread was broken down into the following components for inclusion in the calculator:
15% seeds, 42.5% rice flour, and 42.5% tapioca.

The GWP* calculator was used to estimate the minimum climate footprint of all diets,
including those for people with type 2 diabetes and coeliac disease. This was calculated as
the estimated minimum amount of COe produced for each diet. The data were further
categorised into each of the five core food groups and discretionary food groups according
to the Australian Dietary Guidelines [12], to allow for the analysis of the CO,e contribution
of each food group. When categorising food groups, nuts, seeds, pulses, and beans were
classified as meat and alternatives for both therapeutic diets. Each diet was compared to
the theoretical climate-neutral benchmark of 0 kg of COye produced per day (representing
diets contributing to climate stabilisation [1,5]). Each diet was further analysed to identify
the top 5 individual food items contributing to the total daily CO,e of each therapeutic diet.
Suitable alternatives were modelled using the GWP* calculator to quantify the difference in
COzye based on the selection of similar food items with a smaller carbon footprint.

2.4. Statistical Analysis

A Weighted Chi-squared test was undertaken in SPSS [32] to test for significant
differences in COye produced by each food group between the four diets. This type of test
is the preferred method for analysing nominal variables in the form of proportions.
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3. Results
3.1. CO; Produced by Diets

The gluten-free diet had the highest climate impact, at 2.51 CO,e/kg produced per
day. The Planetary Health Diet had the lowest climate impact, at 1.04 CO,e/kg per day
(see Table 1 below).

Table 1. Estimated CO,e produced by each diet.

Diet COze per Day COse per Week COse per Year
(kg CO,e/kg) (kg CO,e/kg) (kg COze/kg)
Gluten-free diet 2.51 17.57 916.15
Type 2 diabetes diet 1.35 9.45 492.75
Current Australian diet 2.38 16.63 864.87
Planetary Health Diet 1.04 7.29 379.09

When comparing the two therapeutic diets, the type 2 diabetes diet produced 46% less
CO,e per day (1.35 CO,e/kg per day) compared to the gluten-free diet (2.51 CO,e/kg per day).

3.2. Contribution of Food Groups to COze

See Table 2 for a description of the highest contributing food groups for daily CO,e/kg
across all four diets. The highest contributor in the current Australian diet was discretionary
foods, followed by meat and alternatives. For the Planetary Health Diet and the gluten-free
diet, meat and alternatives, followed by dairy and alternatives, was the highest contributor.
For the type 2 diabetes diet, dairy and alternatives, followed by meat and alternatives,
was the highest contributor. There were no statistically significant differences in the CO,e
produced by each food group between the four diets analysed (p = 0.67). See Figure 1
below for a visual display of the percentage contribution of each food group to the total
daily COse.

Table 2. Estimated CO,e produced by each diet according to food group per day.

Food Grou Current Australian Diet  Planetary Health Diet Gluten-Free Diet Type 2 Diabetes (Kg
P (Kg CO,e/Kg) (Kg CO,e/Kg) (Kg CO,e/Kg) CO,e/Kg)
Fruit 0.13 0.08 0.08 0.18
Vegetable 0.08 0.13 0.38 0.17
Grains 0.12 0.01 —0.01 0.12
Dairy and Alternatives 0.45 0.29 0.92 0.54
Meat and Alternatives 0.77 0.37 1.01 0.16
Discretionary Foods 0.82 0.18 0.13 0.18
Total COze Per Day 2.37 1.04 2.51 1.35
See Table 3 for the top five individual food items with the greatest CO,e contribution

across all four diets.

Table 3. Main foods contributing to the climate footprint of each diet.
Largest Current Australian Diet Planetary Health Diet Glugfl-tl: ree Type 2 Diabetes Diet
Contributors—Food Item (kg COze per Day) # (kg COze per Day) # kg COzel;er Dag) (kg COse per Day)
First Beef (0.59) Whole milk (0.26) Beef (0.36) Whole milk (0.27)
Second Beef sausages (0.32) Olive oil (0.12) Cheese (0.34) Yoghurt (no sugar, no fruit) (0.16)
Third Cheese (0.15) Beef meat (0.10) Chicken (0.31) Fish (mixed species) (0.15)
Fourth Meat pie (0.11) Fish (mixed species) (0.08) Whole milk (0.30) Custard (0.12)
Fifth Processed chicken (0.10) Chicken (0.07) Yoghurt (no sugar, no fruit) (0.21) Cheese (0.11)

# Values derived from Clay et al. [17].
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Figure 1. Contribution (%) from each food group to the climate footprint in four different therapeu-
tic diets.

3.3. Dietary Modelling

Several dietary scenarios were modelled to quantify the variation and reduction in
COqe per day for the two therapeutic diets. We substituted the diets with nutritionally
similar food items that had a lower climate footprint to evaluate the impact of food choice
on overall CO,e within diets. Targeting the highest contributors within both therapeutic
diets, beef and full-fat cow’s milk were replaced with lamb and soy milk, respectively. This
substitution resulted in a reduction in total daily COye emissions by 29% for the gluten-free
diet and 25% for the type 2 diabetes diet (Table 4).

Table 4. Modelling of dietary scenarios to quantify changes in CO,e.

Gluten-Free Diet per Da Revised Climate Footprint Version Type 2 Diabetes Revised Climate Footprint Version
Food Group (Kg COye IKP) y of Gluten-Free Diet per Day per Day of Type 2 Diabetes Diet per Day
8 -2eiRg (Kg CO,e/Kg) (Kg CO,e/Kg) (Kg CO,e/Kg)
Fruit 0.08 0.08 0.18 0.18
Vegetable 0.38 0.38 0.17 0.17
Grains —0.01 —0.01 0.12 0.12
Dairy and alternatives 0.92 0.65 0.54 0.30
Meat and alternatives 1.01 0.55 0.16 0.07
Discretionary foods 0.13 0.13 0.18 0.18

Total per day 2.51 1.78 1.35 1.02
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4. Discussion

This study extended the analysis conducted by Clay et al. of the carbon footprint
of therapeutic diets in the Australian context using the GWP* calculator [17]. No diet
analysed was found to be climate neutral as all produced >0 kg/CO,e per day. Therefore,
the analysed diets did not align with the goals of the Paris Agreement [2] and the United
Nations’ SDGs [4] of climate stabilisation. The diet for people with type 2 diabetes produced
46% less CO,e per day than the gluten-free diet and 43% less CO,e per day than the current
Australian diet. The Planetary Health Diet produced the least amount of CO,e overall and
half (56%) the amount of CO,e per day produced by the current Australian diet.

The food groups making the largest contribution to emissions across all four diets
were the meat and alternatives, dairy and alternatives, and discretionary categories. These
food groups contributed to over 82% of the climate footprint of the gluten-free diet, 65%
of that of the type 2 diabetes diet, and over two-thirds of that of the Australian diet
and Planetary Health Diet. Grains as a food group consistently contributed the least
amount of CO,e across all four diets. These findings are consistent with previous research
using the GWP* calculator, which indicated dairy, meat, and discretionary food items as
major contributors to daily COye in Australia [9,13,17,33]. While direct comparison to the
existing literature is difficult given limited research using the GWP* calculator, general
trends can be observed in studies using similar metrics and food emission calculators.
Research conducted in Australia, [11,13,34,35] the United States [36], Sweden [37], and
Spain [38] have indicated the largest amounts of daily CO,e produced by meat, dairy, and
discretionary foods. Additionally, several systematic reviews have evaluated the total
GHG emissions of diets and found the highest contributors to be meat and dairy food
groups, with the lowest climate contribution from vegetables, fruits, and grains [39,40].
Evidence suggests that diets based on nutritional recommendations are generally lower in
greenhouse gas emissions [41]. Our findings demonstrated that diets that aligned more
closely with the Australian dietary guidelines, characterised by increased vegetable and
grain intake and reduced meat consumption, had a lower carbon footprint [9,13].

It was surprising to find the gluten-free diet contributed a greater amount of CO,e
per day than the current Australian diet. This appeared to be related directly to the high
frequency of beef meat consumption (with four main meals per week derived from beef).
This is well known to have a high carbon footprint [9,17,42]. Dairy intake in the gluten-free
diet was almost double (37% of CO,e) that of the current Australian diet (17% of CO»e),
with dairy being another significant contributor to CO,e emissions.

Additionally, the low contribution of the grains food group across all diets was surpris-
ing. The contribution of grains in both the Planetary Health Diet and the gluten-free diet
was less than one percent of total daily COye. This result can be explained by the choice
of grains used in both diets, with the gluten-free diet relying heavily on wheat substitutes
such as rice flour. The production of rice in Australia is acknowledged as being highly
efficient and contributing positively to a climate cooling effect [17,43].

Previous studies have evaluated the impact of substituting meat for greater amounts
of plant protein to reduce potential GHGEs [42]. Larger reductions in daily emissions were
identified when additional measures, such as excluding meat consumption or selecting
food products with low climate burdens, were adopted [38]. Harrison et al. describes the
theory of nudges as subtle changes to the framing of information which can significantly
influence behaviours of individuals without restricting choice [44]. Through modelling
a variety of dietary substitutions, our findings demonstrated how simple strategies can
be implemented to reduce the carbon footprint of therapeutic diets, without altering the
therapeutic benefits. When implemented as nudges, these simple substitutions can allow
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diets to be individualised and increase the likelihood of individuals adopting lasting
sustainable dietary patterns.

This was the first study to evaluate how specialised therapeutic diets for those with
coeliac disease and type 2 diabetes in Australia may contribute to climate change. It
was also the first to analyse these diets using the GWP* calculator. The evaluation was
conducted using freely available, public-facing diet materials frequently used by members
of the public and therefore provided relevant insight into these therapeutic diets. The
use of the GWP* metric is a strength in that it is currently the most accurate and context-
specific tool to evaluate daily COye [9]. Given the infancy of the GWP* metric, direct
comparisons to the current literature and the widely used GWPj(p metric are limited. The
GWP* calculator does not estimate COye produced from packaging or waste. Therefore,
the reported emissions must be viewed as the minimum amount of potential CO,e. The
GWP* calculator is also limited in that it is not a comprehensive list of all foods, and several
substitutions were applied to the therapeutic diets for analysis, particularly with the gluten-
free diet; the full list of substitutions can be found in Supplementary Table S5. Additionally,
the LCA used in this study [9] is specific and relevant to the current Australian food system.
It is therefore not valid or generalisable to any other food systems, countries, or regions.
Similarly, an elderly male reference person was used to generate dietary data; therefore,
the results are not generalisable to other populations.

The results from this study reduce knowledge gaps and provide valuable insights
into the climate footprint of two therapeutic diets commonly used in Australia. These
insights can facilitate dietetic practice to support and educate patients to reduce their
climate footprint, without jeopardising nutritional quality. Further research using the GWP*
calculator is required. This includes expansion of the GQP* calculator in the Australian
context to include additional food items, and consideration of components of the wider
food system, such as food packaging, should be added to the calculator. The evaluation of
other types of therapeutic diets and their climate footprints will aid dietitians in providing
sustainable evidence-based nutrition interventions as required by current professional
competencies [6].

5. Conclusions

This study demonstrated that the climate footprints of the gluten-free and diabetic
diets were not neutral. Sustainability is therefore an important consideration when prescrib-
ing therapeutic diets. To reduce the climate footprint of these diets, simple substitutions to
the food groups which contribute the largest amount of CO,e are necessary. As evidenced
by the dietary modelling performed, the reduction in animal products including beef
and milk by replacing them with items with a lower climate influence such as lamb and
soy-based beverages will reduce emissions and result in a more sustainable dietary pattern
for therapeutic diets in Australia. The continued dietary modelling of other therapeutic
diets is needed which considers the nutritional adequacy and acceptability of food sub-
stitutions as well as the sustainability of food choices. Identifying therapeutic diets that
enable individuals to prioritise health and environmental sustainability is the first step
in developing strategies to shift consumer and practitioner behaviours to support a more
sustainable future [42,44]. Ongoing advocacy by policy makers, dietitians, and researchers
to support climate change reduction strategies also remains important.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/ dietetics4020012/s1. Table S1. List of substitutions and decision
notes for calculations using GWP* calculator; Table S2. Food quantities for the Australian Adapted
Planetary Health Diet per day; Table S3. Approximate amounts per day for the Current Australian
Diet; Table S4. Type 2 Diabetes Diet: 7 day meal plan; Table S5. Gluten Free Diet: 7 day meal plan.
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