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Abstract: The definition of a healthy and sustainable diet is nowadays considered pivotal, but data
related to environmental outcomes are still debated. In this study, we compared the carbon (CF)
and water footprints (WF) of an Italian-Mediterranean (EAT-IT) dietary pattern designed on the
“Planetary diet”, with a pattern based on the Italian Dietary Guidelines (IDG). The influence of
different food categories and food choices on environmental impact was assessed. To this aim, weekly
dietary patterns were developed, considering food categories and related portions and frequencies of
consumption. Results show that the EAT-IT dietary pattern, compared to the IDG, had a significantly
lower CF (2.82 ± 1.07 and 3.74 ± 0.92 kg CO2/day, respectively) but not WF. Protein-rich foods
were the main contributors to CF and WF in both dietary patterns. The increased substitution of
frozen instead of fresh foods, imported instead of local fruits, greenhouse-grown instead of seasonal
vegetables, and processed legume-based foods instead of unprocessed legumes caused an increasing
worsening of the CF in both patterns, but with different magnitudes. Our analysis indicated that
the EAT-IT dietary pattern can be considered sustainable for CF, but individual choices are likely to
largely affect the final environmental outcomes.

Keywords: sustainable healthy diet; planetary healthy diet; nutrition; sustainability; environmental
impact; Mediterranean diet; dietary guidelines

1. Introduction

It is well known that diet is crucial for the promotion of human health. In 2017, 11 mil-
lion deaths and 255 million disability-adjusted life-years were estimated to be attributable
to dietary risk factors and in particular to high sodium intake and low consumption of
whole grains, fruit and vegetables, and nuts [1].

More recently, greater consideration is being given to the impact that diet and the
entire food system can exert on the health of the planet, depending on how actual eating
behavior and food choices affect production. Indeed, the food system has been shown to
account for over a third of global human-caused greenhouse gas emissions [2,3], half of
the land use and over two-thirds of freshwater use [4,5]. For this reason, the food system
is considered one of the principal drivers of climate change, which in turn impacts foods
through decreasing food quantity, biodiversity, and nutrient content [6,7].

It is therefore quite clear that there is a challenge to develop and provide to the global
population, which is constantly growing, diets that are healthy, with a low environmental
impact but, at the same time, are socio-culturally acceptable and economically accessible
for all [8,9]. In this scenario, a global modeling analysis was applied to the evaluation of the
different dietary patterns identified for more than 150 countries, combining nutrient levels,
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diet-related and weight-related chronic disease mortality, and environmental impacts.
Overall, the results obtained demonstrated that plant-based dietary patterns, aligned with
the current evidence on healthy eating, can generally lead to a simultaneous reduction of
both health and environmental impacts in all regions, despite differences among countries
in terms of resource use [10].

With the intention to develop a global healthy and sustainable diet (i.e., “win-win”
approach), the EAT-Lancet Commission developed a “planetary” healthy reference diet
for an intake of 2500 kcal/day [11] characterized by a high consumption of whole grains,
vegetables, legumes, nuts, unsaturated oils, with low amounts of seafood and poultry, and
low or no added sugar, refined grains, or starchy vegetables and red meat, particularly
processed meats which generally have the highest environmental impact. The impact
of food and diets on the environment can be calculated thanks to the use of different
indicators [12]. However, only few of them have standardized methodologies, among
which are the carbon footprint (CF) and the water footprint (WF) [13].

This global reference diet aims to confer both improved health and environmental
benefits thanks to the definition of planetary boundaries (e.g., cropland use, biodiversity
loss, water use, greenhouse-gas emissions, and nitrogen and phosphorus pollution) which
will allow a reduction of environmental degradation caused by food production. The shift
from the current global diet to this planetary diet has been estimated to be able to prevent
approximately 11 million deaths per year and aims to provide healthy diets for a global
population of about 10 billion people by 2050 while remaining within a safe operating
space for the food system [11,14].

The “Planetary health diet” should be adapted in different countries, taking into
consideration food cultures and traditions, and also to improve adherence to the dietary
pattern. With this intention, researchers have developed applications of the Planetary
health diet in different contexts [15] or have evaluated how current dietary habits differ
from this reference diet [16,17].

We have recently developed a Mediterranean dietary pattern in line with the EAT-
Lancet Commission reference diet (EAT-IT), based on 2500 kcal/day and adapted to Italian
food habits, as published elsewhere [18]. Briefly, this adaptation was made by translating
the EAT-Lancet recommendations into a more practical dietary scheme, allocating the
different portion sizes and frequencies of consumption within different meals according to
Italian dietary habits. The nutritional adequacy of this dietary pattern was compared to
the current Italian Dietary Guidelines (IDG) [18], showing that the EAT-IT dietary pattern
was higher in nuts and legumes compared to the one based on the IDG. Some potential
critical issues emerged, mainly related to the low levels of calcium in the EAT-IT dietary
plan compared to the IDG-based one.

The aims of the present study are to (i) estimate the environmental impact of the
EAT-IT dietary plan in comparison with the IDG-based one; (ii) elucidate which are the
main food categories contributing to the environmental impact of the two dietary plans;
and (iii) estimate the variation of the environmental impact of the diet when different types
of foods are selected.

2. Materials and Methods
2.1. Environmental Impact of Foods

The environmental impact of the foods included in the dietary patterns was calcu-
lated by using a recently developed multilevel carbon and water footprint dataset of food
commodities which assigns footprint values with related uncertainties to food items, start-
ing from peer-reviewed articles and grey literature [13]. Data related to carbon footprint
(CF, expressed as kg CO2 equivalents/kg or L of product) and water footprint (WF, ex-
pressed as L of water/kg or L of product), accounting for greenhouse gas emissions and
the consumption of water resources, respectively, were retrieved from the dataset.

Only food items showing both WF and CF values were extracted from the dataset and
specifically selected to be used in the dietary plans, as described below.
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2.2. Development of Dietary Pattern and Dietary Plan

The methodology used for developing the EAT-IT dietary pattern and the mid/long-
term dietary plan based on the EAT-IT dietary pattern have been described elsewhere [18].

Briefly, we firstly defined the EAT-IT-based dietary pattern considering the daily intake
provided in the Planetary healthy diet for the eight different food categories defined within
their report (i.e., whole grains, tubers or starchy vegetables, vegetables, fruits, dairy foods,
protein sources, added fats, and added sugars) [11] and which were converted to weekly
amounts (grams/week). These amounts of foods were then allocated into different meals
considering the main characteristics of the Mediterranean diet (e.g., sweet breakfast, cereal-
based products, fruits, and vegetables at every main meal) and providing alternatives for
the different meals in order to allow the long-term feasibility of this dietary pattern.

Once the dietary pattern was defined, a dietary plan of 2500 kcal/day was developed
with recipes and dishes based on food habits of the Italian population, and including five
meals per day (breakfast, lunch, dinner, and mid-morning and mid-afternoon snacks).

Similarly to the dietary plan based on EAT-IT, a dietary plan based on the IDG was
also developed, following the same procedure described above [18]. A comparison between
the contribution of the different food groups in the EAT-IT dietary pattern and in current
Italian dietary habits, based on the Italian National Food Consumption Survey INRAN-
SCAI 2005–06 data [19], is reported in Figure 1. As shown, the EAT-IT dietary pattern is
characterized by a higher contribution of nuts, legumes and a lower contribution of white
meat, dairy, and sugars compared to the current Italian dietary intake.
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Figure 1. Contribution of different food categories within the EAT-IT dietary pattern (a) and habitual
Italian diet, based on INRAN-SCAI 2005-2006 data (b). Data are reported as mean daily intake
percentage of total energy. Legend: EAT-IT: Italian-Mediterranean Dietary Pattern Developed Based
on the EAT-Lancet Reference Diet; INRAN-SCAI: Italian National Food Consumption Survey [19].

2.3. Assessment of the Environmental Impact of the Dietary Patterns

In order to calculate an average daily environmental impact, foods (within the same
category) were allocated to the different days of the week, respecting the portions and
frequencies of consumption of foods in the two dietary patterns. For this purpose, the
RANDOM function of Excel was used. This function allows the generation of a random
number sequence, that was then associated to the different food items for their random
allocation. The mean daily CF (kg CO2 eq./day) and WF (L/day), were calculated for each
food category and for the whole dietary patterns.
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2.4. Analysis of Scenarios Depending on Food Choices

To investigate the impact of different food choices on CF and WF, four different case-
studies were selected: (i) use of frozen instead of fresh foods (i.e., bread, fish products, and
beans); (ii) use of imported instead of local fruits; (iii) use of greenhouse-grown instead of
seasonal vegetables; and (iv) use of processed instead of unprocessed legume-based foods.

For each scenario, increasing levels of substitution (from 25% to 100%) were simulated
in order to investigate the impact of increasing use of these products on CF and WF
compared to the EAT-IT and IDG dietary patterns in which 0% use of these products
was assumed.

2.5. Statistical Analysis

Data on CF and WF are expressed as mean ± standard deviation, except for variations
in the different scenarios that are expressed as delta percentages compared to the EAT-IT
and IDG dietary patterns described above.

Differences in the total CF and WF and in the relative footprints from the different
food categories were analyzed by using the t-test. Statistical analysis was performed by
using Student’s t-test. The significance level was fixed at p < 0.05.

3. Results
3.1. Environmental Impact of the Two Dietary Patterns
3.1.1. Carbon Footprint

The environmental impact of the EAT-IT and IDG-based dietary patterns in terms of
CF is reported in Figure 2. In detail, Figure 2A shows significantly lower CF for EAT-IT com-
pared to the IDG-based dietary pattern (2.82 ± 1.07 and 3.74 ± 0.92 kg CO2 equivalents/day,
respectively; p < 0.05).

The higher CF in the IDG dietary pattern was likely due to the significantly higher
intake of total whole grains and tubers (0.45 ± 0.08 vs. 0.30 ± 0.06 kg CO2 eq./day,
respectively) and total dairy foods (0.85 ± 0.43 vs. 0.35 ± 0.07 kg CO2 eq./day, respectively),
while only a significantly higher intake, and thus CF, of total vegetables was observed in
the EAT-IT compared to IDG dietary pattern (0.32 ± 0.13 vs. 0.14 ± 0.06 kg CO2 eq./day,
respectively) (Figure 2B).

Analyzing the CF in terms of percentage contribution by the different food groups,
Figure 2C shows that protein sources were the main contributors in both dietary patterns
(36% and 30% in the EAT-IT and IDG-based dietary pattern, respectively). The two dietary
patterns were also similar for the % contribution of other food groups such as total whole
grains and tubers (11% and 12%, respectively), total fruits (5%), and total oils and seasonings
(5% and 7%, respectively). Conversely, they largely differed mainly for dairy foods (13%
and 23% in the EAT-IT and IDG-based dietary patterns, respectively) and total sugars (25%
and 16%, respectively).
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Figure 2. Total (A) carbon footprint associated with EAT-IT and IDG dietary patterns and relative
(B) and percentage (C) contribution of the different food groups. Legend: EAT-IT: EAT-Lancet
Commission reference diet (adapted to the Italian food habits); IDG: Italian Dietary Guidelines; CF:
carbon footprint; *: statistically significant differences (p < 0.05).

3.1.2. Water Footprint

Figure 3 shows the WF of the two dietary patterns. WF did not differ between the EAT-
IT and IDG-based dietary pattern, being 4189 ± 533 and 4254 ± 662 L/day, respectively
(Figure 3A).

Despite the lack of significance between the two dietary patterns, the contribution of
the food groups largely varied in the two diets. A higher impact on WF of protein sources
and total oils and seasonings was observed in the EAT-IT (Figure 3B), while total fruit and
vegetables, dairy foods, and wholegrains and tubers mainly contributed to the impact of
the IDG dietary pattern.

As shown in Figure 3C, considering the percentage contribution of the food groups,
protein sources were the main contributors in both dietary patterns but varied from 45% in
the EAT-IT to 30% in the IDG-based dietary pattern. The dietary patterns also differed for
the contribution of total oils and seasonings (23% and 11%, respectively) and total dairy
foods (8% and 19 %, respectively), but also total fruits (8% and 12%) and vegetables (4%
and 8%).
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Figure 3. Total (A) water footprint associated with EAT-IT and IDG dietary patterns and relative
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Commission reference diet (adapted to the Italian food habits); IDG: Italian Dietary Guidelines; WF:
water footprint.

3.2. Analysis of Scenarios Based on Different Food Choices: Case-Studies

Figure 4 reports the impact of different food choices on CF in four different case-
studies. Results show that the gradual increase in the substitution (from 25% to 100%)
of frozen instead of fresh foods (Figure 4A), imported instead of local fruits (Figure 4B),
greenhouse-grown instead of seasonal vegetables (Figure 4C), and processed legume-based
foods instead of unprocessed legumes (Figure 4D) caused an increasing worsening of the
CF compared to the related EAT-IT and IDG dietary patterns described in Section 3.1, in
which 0% of this substitution was assumed.

In detail, the substitution of frozen instead of fresh foods from 25% to 100% causes
an increase in CF from 2.8 to 8.2% and from 1.8 to 5% in EAT-IT and IDG dietary patterns,
respectively (Figure 4A), the consumption of imported instead of local fruits from 1.1 to
3.9% and from 1 to 4.5%, while the use of greenhouse-grown instead of seasonal vegetables
led to rises from 9 to 34% and from 12 to 39% (Figure 4C). Finally, the consumption of
processed legume-based foods (e.g., soy burgers) instead of unprocessed legumes causes
an increased CF from 3.4 to 10% and from 1.6 to 3.1% in EAT-IT and IDG dietary patterns,
respectively (Figure 4D).

Conversely to CF, WF in the four case-studies was barely affected by these substitutions.
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4. Discussion

The following study investigated the theoretical carbon and water footprints associated
with the EAT-IT dietary pattern, developed based on the planetary diet but adapted to the
Italian tradition. The results highlight that this dietary pattern generates a lower CF but
not WF compared to a pattern developed based on the IDG. This is not surprising since
a recent systematic review that analyzed the environmental outcomes of both empirical
and modeling studies on sustainable diets reported an increase in water use (+13.8%)
when shifting from baseline to ‘sustainable diets’ [20]. This represents a critical aspect
of the definition of healthy and sustainable diets since it indicates that the optimization
of one indicator of environmental impact does not automatically correspond to general
optimization, and trade-offs are considered likely [21]. Few data are available about the
average levels of water footprint of the Italian population. Rosi et al. [22] documented that
the food intake of a group of 51 Italian omnivorous adults corresponded to a diet-related
water footprint of 3141 L/day. This value differs from those calculated by using our models.
In fact, we have found that water footprints for the EAT-IT dietary pattern and IDG were
higher compared to the value found by Rosi and colleagues (33.4% and 35.4% for EAT-
IT and IDG, respectively); however, data could not be completely compared due to the
different databases used for the assessments.

Considering greenhouse gas emissions, the IDG dietary pattern was associated with
a higher CF compared to the EAT-IT; however, it is noteworthy that both diets were
more favorable compared to the current dietary habits of the Italian population. In fact,
according to a recent analysis based on a national food consumption survey, an average CF
of 4 kg CO2 eq/day was found [23]. Indeed, it has been recently observed that the current
consumption of legumes and nuts should be almost doubled to meet the targets proposed
by the EAT–Lancet Commission, whereas the consumption of meat, eggs, dairy products,
animal fat, tropical oils, and sugars should be largely reduced [24]. The differences observed
in CF in the IDG dietary pattern, compared to the EAT-IT one, are probably be due to
the higher inclusion of animal-based products (in particular eggs, white meat, milk and
derivatives), since they are generally characterized by higher gas emissions compared to
plant-based foods [25,26]. These results agree with those by Rosi et al. [22] who found
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that omnivorous food choices generated higher carbon footprints than vegetarian and
vegan diets. Despite these higher footprints in the omnivorous diets, authors found a high
inter-individual variability, with a few vegetarian and vegan subjects’ diets showing higher
environmental impact than those of some omnivores. Therefore, regardless of the robust
and positive effects of plant-based diets on environmental health, results support the role of
individual dietary habits in determining the environmental impact of the diet. This is also
clearly shown in the present study, in which the large variation (i.e., in terms of standard
deviation of CF) within the same food category reflects the effect of single food choices on
environmental impact. It should be considered that dietary choice is the result of numerous
determinants, and attitudes towards sustainability have been reported to be influenced
by gender, location of residence (region and urban vs. non-urban), social class, age, and
education [27,28]. For instance, a German nutritional survey on meat consumption carried
out in 2019 found that non-meat consumers do not substitute meat with fish, eggs, or milk
products but rather with soya products and other plant-based foods. Thus, the evaluation
of the magnitude of dietary choices among different food categories or within different
food items within the same one is worthy of further study [29].

A recent study conducted by Clark and coworkers [30] has estimated for the first time
the environmental impact of more than 57,000 food products (including foods belonging to
the same food category), commercially available in UK and Ireland. This analysis found
that the difference between a most and a least sustainably sourced product (5th and 95th
percentile impact, respectively) can be large, depending on ingredient composition [30].
Our work corroborates these findings, since diet-related environmental impacts resulted
in significant influences at a food item level, in relation to its production systems and not
just the food category to which it belongs [31]. This is further shown by the elaboration
of different scenarios, such as the substitution of unprocessed legumes with processed
legumes-based foods (e.g., soy burgers), or of local with imported fruits, which can further
worsen the environmental impact of the diet, in terms of CF. Interestingly, we found lower
exacerbating effects on CF for frozen and imported fruits, reasonably in relation to i) the
limited data on frozen products, that did not allow us to find substitute food items in all
food categories, ii) the lower weekly amount of total fruits, compared to vegetables. These
results support the consumption of seasonal vegetables as a principle of sustainability for
plant-based diets, as suggested by the Food and Agriculture Organization of the United
Nations (FAO)/ Food Climate Research Network [9]. However, food product seasonality
was not included among the 16 guiding principles of sustainable healthy diets proposed
in 2019 by FAO/ World Health Organization [32]. Furthermore, a comprehensive review
of all available English-translated food-based dietary guidelines indicated that few of
them involved environmental sustainability recommendations and the ones that addressed
this issue focused on the advice to consume foods produced locally [33]. Given that the
inclusion of sustainability criteria within food-based dietary guidelines has been widely ad-
vocated [9,10,34–36], if our own and previous results are corroborated by other assessments,
then a more explicit reference to the seasonality of vegetable products within food-based
dietary guidelines could represent a simple and profitable message to be delivered to
the population. Another consideration is that despite the four different scenarios which
were elaborated separately, their effect on diet-related environmental outcomes can also be
additive. The observed increase in final CF when unprocessed legumes were progressively
substituted with processed legume-based products was particularly pronounced in the
EAT-IT dietary pattern (+0.28 kg of CO2 eq./day for 100% substitution), due to the higher
presence of legumes in comparison with IDG. However, it should be clear that, according
to data provided by the database used, 0.28 kg of CO2 eq. corresponds to a portion of just
10.9 g of beef, or 49.0 g of pork. Thus, our analysis aimed to assess the magnitude of food
selections among different food items within the same food category on final environmental
impact, finding a non-negligible effect on final CF, but largely corroborated the wider liter-
ature supporting the lower CF associated with more plant-based diets, in comparison to
more meat-based ones [37,38]. The present study has some strengths worth noting. To the
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best of our knowledge, this is the first study investigating the CF and WF of a dietary model
developed based on the planetary diet but adapted to a specific socio-cultural context.
Moreover, this study matches perfectly with a previous study in which the nutritional
characteristics of the EAT-IT dietary pattern were compared to the IDG one [18], both in
their nutritional and environmental aspects, important domains of sustainable healthy
diets. However, there are also some limitations. Some of them are strictly related to the
use of databases which, although extensive, do not include all food items, and for many
of them, provide data related to a high level of uncertainty. Another intrinsic limitation
of such databases is the lack of country-specific data reflecting variability across different
national food production systems. Moreover, our choice of including only items with both
CF and WF values in the database further limited the variety of single items (e.g., types
of fruit) included in the model, mainly due to the scarcity of data regarding WF. These
observations support the need for improving such databases, increasing and updating their
records to allow more precise assessments. Again, in the present study, we investigated the
environmental impacts only in terms of CF and WF. However, although these indicators
are the two most well-known ones, many other indicators could be used, such as land use
and energy use [12].

Overall, these results suggest the importance of considering both nutritional and
environmental aspects of the diet, with economic and socio-cultural aspects which cannot
be neglected to favor the transition towards sustainable healthy diets [39,40]. In this
regard, despite the urged necessity to favor the transition towards sustainable food systems,
literature supports the importance of considering social–cultural aspects and country-
specific food habits, since a gradual transition to a sustainable diet is likely to be more
easily implementable by the population, and is likely to arise from a general shift towards
a healthier lifestyle and social environment [29–31,41,42]. To this aim, further evaluations,
including aspects related to diet affordability and acceptability, will be crucial for a better
comprehension of the real applicability of these dietary sustainable models. However,
considering data already present in literature, it is plausible to estimate that the shift to a
more sustainable healthy diet such as the EAT-IT diet would result in lower costs and thus
would be more affordable than the less sustainable diets, especially in the upper-middle-
and high-income countries [43].

The importance of a holistic approach to contextualize the environmental impacts of
different diets has recently been advocated [44]. For instance, given the different bioavail-
ability of compounds in plant-based foods and animal-source foods, it has been recom-
mended that future research should give more consideration to the inclusion of bioavailabil-
ity assessment within nutrition metrics. This will be important to predict and understand
the potential positive/negative impact of a major or minor bioavailability of a specific
nutrient/non-nutrient on human health (in particular when considering vulnerable groups
of populations), which in turn allows better comprehension of the different dimensions
of sustainability [44–47]. In this scenario, Ferrari et al. [23] tried to optimize a healthy
and sustainable dietary model with low gas emission, satisfying dietary requirements and
taking into consideration current Italian food consumption patterns, but they could not
find any suitable diet fulfilling the iron constraint for females, which remained below the
dietary reference intake in the optimized model, supporting the importance of a holistic
approach when developing these dietary models.

5. Conclusions

In conclusion, our analysis integrates the previous evaluation of the nutritional ad-
equacy of a plant-based dietary pattern based on the Planetary diet and adapted to the
Italian-Mediterranean food context (EAT-IT dietary pattern). Our results demonstrated
a lower CF of this pattern compared to an IDG one, but not reduced levels of WF, thus
supporting the concept that optimization of one indicator of environmental impact does
not necessarily allow the optimization of all other indicators. Furthermore, we found that
individual food choices can markedly influence final diet-related environmental outcomes,
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showing that limiting animal food products may not be enough to achieve the goal of
a low CF-diet. In particular, the worst scenario occurred when large shares of vegeta-
bles were substituted with vegetables grown in heated greenhouses and when legumes
were substituted with processed legume-based foods, such as soy burgers. Eating fruit
and vegetables according to seasonality can represent a viable message to be included in
sustainable diet recommendations. Overall, our analysis corroborates the wide scientific
literature reporting the lower CF associated with plant-based diets, in comparison with the
ones based on a higher consumption of animal foods. Finally, a holistic approach to the
evaluation of environmentally optimized diets should be carefully considered to safeguard
all the dimensions of a sustainable healthy diet.
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