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Background: Changing dietary patterns is essential to reducing the substantial environment impact of agriculture 
and food production systems. We performed a cross-country comparison of dietary patterns and their associated 
environmental impact in Europe, including by sociodemographic factors. Methods: We analyzed pooled cross- 
sectional dietary records collected during 2010–18 from 10 European countries using the European Food Safety 
Authority (EFSA) Comprehensive European Food Database (16 508 adults; aged 18–79 years). Each food consumed 
was mapped to the corresponding environmental impact data using the SHARP Indicators Database, which 
provides greenhouse gas emission (GHGE) and land use (LU) values of approximately 900 foods. Total diet- 
associated environmental impact was calculated for each person and averaged across multiple days. 
Multivariable linear regression models were used to compare diet-associated GHGE and LU between population 
subgroups (gender, age, education and diet type) with country-level fixed effects. Results: The mean dietary 
GHGE and LU per capita ranged from 4.0 kgCO2/day and 5.0 m2�year/day in Spain to 6.5 kgCO2eq/day and 8.2 
m2�year/day in France. Diet-related GHGE and LU (per kg/food) were lower among females (2.6 kgCO2eq/day, B ¼
−0.08, P< 0.01; 3.2 m2�year/day, B ¼ −0.11, P< 0.01), older population aged 66–79 (2.6 kgCO2eq/day, B ¼ −0.03, 
P< 0.01; 3.4 m2�year/day, B ¼ −0.4, P< 0.01), people following vegetarian diets (1.7 kgCO2eq/day, B ¼ −0.07, 
P< 0.01; 2.0 m2�year/day, B ¼ −0.07, P< 0.01), and higher among individuals with secondary education (2.7 
kgCO2eq/day, B¼ 0.05, P< 0.01; 3.6 m2�year/day, B ¼ −0.05, P< 0.01). Conclusions: Environmental footprints 
vary substantially across countries, dietary patterns and between different sociodemographic groups in 
Europe. These findings are crucial for the development of country-specific food policies aimed at promoting 
environmentally sustainable diets.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Introduction

A
chieving more sustainable and healthy diets is a common inter
governmental goal to address the rapidly growing impact of 

climate change. In recent years, there has been a growing consensus 
among scientists and policymakers regarding the potential of dietary 
changes to mitigate the environmental pressure associated with the 
food and agriculture system.1–4 Food production, industrial food 
processing, storage and retailing significantly contributes to green
house gas emissions (GHGE), water scarcity, land degradation and 
biodiversity loss.4,5 Greenhouse gas emissions are a notable conse
quence, with the food sector alone responsible for 26% of these 
emissions.6 Agriculture, in particular, accounts for approximately 
70% of global freshwater withdrawals,7 while nearly half of all hab
itable land is utilized for agricultural purposes.8 The rearing of live
stock for meat and dairy production involves extensive land use 
(LU), which can contribute to deforestation and habitat destruction. 
Moreover, the methane emissions of ruminant animals, such as cat
tle, significantly contribute to GHGEs, exacerbating climate change.

Dietary patterns and their environmental impact are inconsistent 
across regions and sociodemographic groups.9 Cultural preferences, 
economic factors and social dynamics significantly shape dietary 
choices and consumption patterns.10–12 Previous research from country 
specific studies has suggested how variations in dietary patterns be
tween European countries may result in different environmental 

footprints. For instance, a lower diet related GHGE has been found 
in Mediterranean countries like Spain13 and Italy9 when compared with 
central European countries such as France14 or The Netherlands.15

The European Union (EU) has set a target to reduce GHGE by at 
least 55% by 2030 comparing with 1990 levels, and agriculture is a 
leading contributor of GHGE in Europe.16 Understanding the vari
ation in dietary patterns of the European population and associated 
environmental impacts is essential for the development of targeted 
interventions and policies that promote sustainable diets while con
sidering the unique context of different populations. However, exist
ing studies that examined individual food consumption are 
predominantly limited by analysis within few single European coun
tries.13–15,17–19 Hence, based on the latest population-based and 
harmonised dietary survey data obtained from the European Food 
Safety Authority, this study aims to quantify the environmental im
pact of individual dietary patterns in 10 countries from all areas of 
Europe as well as to present a cross-country comparison of dietary 
patterns and their associated environmental impact stratified by 
socio-demographic factors.

Methods

Study population (EFSA)
We analyzed pooled cross-sectional national dietary records of 
adults in 10 European countries obtained from the European 
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Food Safety Authority (EFSA) Comprehensive European Food 
Database. This dataset formed part of the EU Menu Project20

designed for the collection of harmonized dietary data across EU 
member states. We used the latest data available for 15 surveys from 
10 EU Member States (16 894 subjects), collected through 24-, 48-, 
or 72-hour dietary records/recalls over the 2010–18 period 
(Supplementary Appendix SA1). Data from institutionalized partic
ipants and those aged under 18 or above 79 years were excluded 
from the analysis. Surveys were conducted year-round, encompass
ing all four seasons, and ensured a balanced proportional represen
tation of data collection during weekdays and weekends.

All food and beverage items consumed by the survey participants 
were coded using the FoodEx2 classification system, created by the 
EFSA.21,22 It provides a standardized system to classify and categor
ize food items, allowing for consistent and harmonized reporting of 
dietary intake data from different surveys. The classification system 
includes various levels of detail, ranging from broad food groups 
(fruit and fruit products) to specific individual food items (apples).

Environmental impact of individual diets
The environmental impact data associated with each food/beverage 
item was obtained from the publicly available SHARP Indicators 
Database (SHARP-ID).23 The SHARP-ID contains GHGE and LU 
data for 957 foods coded using FoodEx2. Environmental impact 
assessment relied on attributional life cycle analysis,24 which fol
lowed an internationally accepted standardized methodology in ac
cordance with ISO14040 and 14044:2006.2 The GHGE and LU 
estimates of the 957 foods were obtained from life cycle inventory 
data of 182 primary products, which integrated information on food 
production, trade, and transport. The GHGE estimates incorporated 
carbon dioxide (CO2) emissions resulting from fossil fuel usage, 
methane (CH4) emissions generated during cattle rearing and cer
tain crop cultivation, as well as nitrous oxide (N2O) emissions 
released from fertilizers, manure and ploughing of grasslands.2,9

The LU estimates were based on the surface area required for 
food production, accounting for conventional agricultural practi
ces.2,9 The GHGE and LU data in the SHARP-ID had further 
accounted for the food quantity, edible portion, cooking losses 
and gains, food losses and waste. Due to data limitations, the con
tributions of industrial food processing (e.g. grinding, cutting, cen
trifuging and washing), storage, and transportation from retail to the 
home were excluded from the assessment.

The GHGE estimates in the SHARP-ID were provided in kilo
grams of food eaten of carbon dioxide equivalents (kgCO2-eq), and 
LU as square metres year (m2�year).

We linked each food item as recorded in the EU Menu dietary 
consumption data to its corresponding GHGE and LU values pro
vided in the SHARP-ID.9,22 Assuming a homogeneous European 
market, a single value for GHGE and LU was assigned to each 
food item. This value was then applied to the food intake data of 
the ten countries included in the study. In cases where individual 
food items from the surveys were not listed in the SHARP-ID data
base, the GHGE and LU values were attributed based on the mean 
values of the corresponding food group (for approximately 5.1% of 
the total food items). However, no GHGE or LU data were available 
in the SHARP-ID database for four specific food groups: food addi
tives, vitamin supplements, condiments and herbs and spices 
(accounting for roughly 4.0% of the total number food items). 
Hence, these four food groups were excluded from the analysis. 
Nevertheless, these food items are consumed in small quantities in 
National surveys, suggesting their impact on study findings are like
ly minimal.

Total diet-associated GHGE and LU were calculated for each in
dividual by the sum of their values from all the grams of foods 
consumed, and averaged across multiple days to provide outcome 
measures relevant for daily food intake.

Covariates
Covariates included in the analysis were gender, age (stratified into 
four categories: 18–35, 36–50, 51–65 and 66–79), educational level 
(classified as primary education: up to 9 years of education, second
ary education: up to 12 years of education, and tertiary education: 
more than 12 years of education), and whether any special diet was 
consumed (classified as normal diet, vegetarian diet, and other diets, 
including slimming diets and diets related to health conditions).

Participants with missing education data were excluded from sub
sequent analyses. This applied to 8, 95 and 347 participants from 
Cyprus, Latvia and Austria, respectively. Dietary surveys from 
France only provided participants’ age in two broad groups (adults 
or elderly). Furthermore, education data were not made available by 
EFSA for dietary surveys from France, Belgium and Greece; and self- 
identified diet type were not made available for dietary surveys from 
Spain, Cyprus, Greece, Latvia and The Netherlands. Therefore, no 
analysis was conducted for these subcategories.

Statistical analysis
Descriptive statistics were computed for the mean level of diet- 
related GHGE and LU overall and for each of the 10 EU countries. 
These were further divided into eight largest food groups where the 
mean dietary consumption (in grams/day and also as a proportion 
of total food intake) and the mean GHGE and LU (in kgCO2-eq or 
m2�year/day and also as a proportion of total GHGE or LU from 
diet) were calculated for each of the following: fish and seafood, 
fruit, grains, meat, dairy, beverages, vegetables, oils and fats and 
miscellaneous (e.g. confectionary, seasoning sauces). Furthermore, 
we computed the mean level of diet-related GHGE and LU for 
population subgroups of gender, age, education and diet type, stand
ardized by participants’ total daily food intake and expressed as 
kgCO2-eq or m2�year/kg of food consumed. The subgroups analysis 
was performed per kilogram of food consumed per day to assess the 
relative quantities of consumption and the environmental impact of 
different foods and food groups.3 While the unstandardized meas
ures provide the best approximation of total environmental impact 
associated with European diets, the standardized measures facilitate 
the comparison between population subgroups accounting for the 
quantities of food required/consumed. Multivariable linear regres
sion models were used to compare participant’s diet-associated 
GHGE and LU (as standardized by participants’ total daily food 
intake) between countries and subgroups of gender, age, education 
and diet type. We also analyzed the contributions of major food 
groups to the mean daily total of GHGE and LU for each country.

Results
A total of 15 498 participants from 10 European countries were 
included in this study. Number of participants ranged from 510 in 
Cyprus to 3073 in Estonia. Table 1 shows notable variations in the 
distributions of gender, age, and educational level among the ana
lyzed countries. There were more female than male participants 
(59.5% vs. 40.5%) in all countries especially in Estonia. In most 
countries, around one third of participants fell within the 18–35 
age range, while in Slovenia and Greece, this group constituted 
less than one fifth of the population. Across countries, most survey 
participants completed tertiary education, ranging from 50.3% to 
89.5%. Furthermore, most people followed a normal diet without 
any restrictions (79.8% or above).

Consumption of beverages was the largest contributor to average 
daily food intake representing approximately half (40.6–54.1%) of 
total gram intake except for three countries (Supplementary 
Appendix SA3). Spain and Greece had a more balanced dietary 
pattern with most of their daily food intake sourced more evenly 
from beverages, dairy and vegetables. Slovenia was similar but their 
dietary patterns were largely based on beverages, grains and fruits. 
Moreover, Estonia, Spain, Greece and Slovenia had a larger 
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proportion (>10%) of their diet sourced from fruits than other 
European countries. Vegetable consumption was highest in 
Greece, followed by Spain and Cyprus. Meat consumption was simi
lar and ranged from 4.8% to 8.6% across countries except for 
Slovenia that showed the highest intake (10.7%). Fish and seafood 
consumption were highest in Spain (3.4%) and Greece (2.4%) but 
lower than 2% of total diet in other countries.

Average dietary-associated GHGE and LU per capita varied sig
nificantly across countries (figure 1). Spain showed the lowest mean 
GHGE and LU per capita with 4.0 kgCO2eq/day and 5.0 m2year/day, 
respectively. In contrast, France (6.5 kgCO2eq/day; 8.2 m2year/day), 
Belgium (5.7 kgCO2eq/day; 7.5 m2year/day) and Latvia (5.8 
kgCO2eq/day; 7.1 m2year/day) exhibited the highest values per cap
ita. Supplementary Appendix SA2 shows the average of GHGE and 
LU of a daily diet by major food groups overall and in each country. 
Among the 10 European countries, dietary intake of meat and dairy 
products were on average the biggest contributor responsible for 
more than half of the mean daily GHGE and about two-thirds of 
LU. Meat and meat products accounted for 2.1 kgCO2eq or 40% of 
the total GHGE and dairy products contributed to 18.2% (0.9 
kgCO2eq) of the total GHGE. Regarding LU, meat with and meat 
products was responsible for 53.1% (3.6 m2�year/day) and dairy 
products accounted for 13.7% (0.9 m2�year/day) of the total of 
LU. Yet, meat and meat products constituted for just an average 
of 6.3% of the total grams consumed (including beverages) by our 
sample (Supplementary Appendices SA3 and SA4).

In the analysis conducted within countries, meat consistently 
emerged as the primary environmental contributor across all coun
tries. However, for GHGE and LU footprints, dairy products were 
not universally the second-highest contributors in all analyzed coun
tries. Specifically, in Estonia (1.0 kgCO2eq/day; 0.9 m2�year/day) 
and Slovenia (0.4 kgCO2eq/day; 0.8 m2�year/day), beverages and 
grains/grain-based products, respectively, took the position of the 
second-highest contributors. Meanwhile, for Spain (0.7 m2�year/ 
day), France (1.1 m2�year/day), and Belgium (0.9 m2�year/day), 
grains and grain-based products were the second highest contrib
utors only for LU.

Among different demographic and dietary groups (tables 2 and  
3), there were significant variations in diet-related GHGE and LU 
per kilogram of food consumed. This subgroup analysis was stand
ardized per kilogram of food consumed per day to evaluate the 
relative quantities of consumption and the environmental impact 
of various foods and food groups. Females exhibited lower GHGE 
[2.6 kgCO2eq/day, B ¼ −0.08 (SE¼ 0.01), P< 0.01] compared with 

males. This trend was consistent in almost all European countries 
except for Greece and Spain, where no significant differences were 
observed in diet-related GHGE. The older population aged 66– 
79 years showed lower mean GHGE [2.6 kgCO2eq/day, B ¼ −0.03 
(SE¼ 0.02), P< 0.01] compared with the youngest age group. These 
findings were consistently observed in Estonia, Spain, Cyprus and 
Greece. For Slovenia, no significant differences were found between 
age groups. In the pooled analysis, individuals with secondary edu
cation had a higher mean GHGE [2.7 kgCO2eq/day, B¼ 0.02 
(SE¼ 0.02), P< 0.01] compared with those with higher or lower 
education levels. However, within country analysis showed no major 
differences between mean GHGE by education level, except for 
individuals with secondary education in Austria [3.1 kgCO2eq/day, 
B¼ 0.04 (SE¼ 0.10), P< 0.01] and Slovenia [3.6 kgCO2eq/day, 
B¼ 0.05 (SE¼ 0.10), P< 0.05], and individuals with primary educa
tion in Latvia [3.5 kgCO2eq/day, B¼ 0.04 (SE¼ 0.24), P< 0.01]. 
And finally, Individuals following vegetarian diets (as compared 
with normal diet) had a significantly lower GHGE [1.7 kgCO2eq/ 
day, B ¼ −0.07 (SE¼ 0.05), P< 0.01] overall and within each 
European countries where diet type data were available.

LU patterns mirrored GHGE findings, with notable gender differ
ences in Greece. Specifically, females showed significantly higher LU 
[5.2 m2�year/day, B ¼ −0.03 (SE¼ 0.23), P< 0.01] compared 
with males.

Discussion
In this large, population-based cross-sectional study of environmen
tal impacts associated with dietary patterns of adults from 10 
European countries, the mean dietary-associated impact of GHGE 
and LU per capita were found highest in France, Belgium and Latvia. 
Conversely, it was the lowest in Spain, Cyprus and Greece. While 
meat and meat product consumption were understandably the larg
est contributor of GHGE and LU impact for all European popula
tions, the comparatively lower overall GHGE and LU impact 
observed in Spain and Greece may be explained by a more diverse 
dietary pattern with contribution of major food groups spread more 
evenly between fruits, vegetables, grains, dairy and beverages. 
France, Belgium and Cyprus had similar dietary patterns predom
inantly sourced from beverages, followed by vegetables and dairy. 
However, the mean total food intake per capita were much higher in 
France and Belgium than Cyprus (2351, 2335 and 2058 g/day, re
spectively). Furthermore, our findings suggest a commonly higher 
dietary-associated GHGE and LU as characterized by male, younger 

Figure 1 Comparison of mean Diet-related GHGE (kgCO2eq)/day and LU (m2�year)/day between 10 European countries (Beta). �P< 0.05; 
��P< 0.01; Refreference category. Betas were estimated using linear regression and present the mean difference for each country as 
compared with Estonia and adjusted for gender, educational level and age
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persons and non-vegetarians among the European populations. 
However, we did not find major differences in dietary-associated 
environmental impact between education level subgroups.

These results are consistent with recent findings from a compar
able study of four European countries which used EFSA and 
SHARP-ID databases.9 In that study, France emerged as the nation 
with the highest levels of GHGE and LU footprints. Moreover, it 
showed that a Mediterranean country, namely Italy, had a generally 
lesser environmental impact. The type of foods chosen within a food 
group and relative consumption quantities may also play a part in 
these results, particularly if the Mediterranean countries consume a 
lower proportion of ruminant meat that are associated with the 
highest environmental impact.25,26 This aligns with the evidence 
that links Mediterranean-style diets to lower GHGE and LU foot
prints.18,27 It illustrates how transitioning to a plant-based diet, 
which is also associated with improved health outcomes,28 can di
minish our daily environmental impact.

Our calculated average of diet-related GHGE spanned from 4.0– 
6.5 kgCO2eq/day within the ten European countries studied. These 
figures match those recorded in France from a similar study on four 
European countries (6.0 kgCO2eq/day).9 However, they are 58% 
higher than the result (4.1 kgCO2eq/day) from an earlier investiga
tion.14 Additionally, our estimations were comparable to those pre
viously reported in the Netherlands (5.3 kgCO2eq/day),15 and they 
were 29% higher than the values for Spain (3.1 kgCO2eq/day).13

Making a direct comparison of daily footprints with other studies 
is hindered by variations in the foundational Life Cycle Assessment 
(LCA) methodology and survey samples. First, these studies use 
different dietary surveys and different energy density outcome meas
ures. While our analysis evaluated the relative consumption quanti
ties and their environmental impact per kilogram of daily food 
intake, other studies standardized GHGE and LU based on calories 
intake (e.g. 2000 kcal).9,19 It is worth noting that energy measure
ments can be skewed by the presence of low-calorie foods and 
drinks, whereas gram-based metrics are weighted towards beverage 
intake. Second, while the SHARP-ID database uses a standardized 
method to derive GHGE and LU values across all countries, discrep
ancies may exist between countries due to factors such as intensive 
vs. extensive animal production systems, and greenhouse vs. open- 
field methods for animal feed and crop growth. Supply chain 
considerations, including domestic vs. foreign production, transpor
tation methods and distances, packaging and preparation methods, 
and food losses and waste, can also contribute to these variations.29

Additionally, for most food items, the main source of environmental 
impact lies within the agricultural phase, which includes crop pro
duction and animal breeding that are greatly influenced by different 
management practices between countries.30 Although the SHARP- 
ID database used in this study assumes a homogeneous European 
market and does not consider country-specific dietary footprints 
from different agricultural systems, its standardized coding of food 
items facilitated by the use of FoodEx2 allows for the direct com
parison of dietary patterns among harmonized and representative 
dietary survey data obtained from EFSA. Moreover, since all 
included countries belong to the European Union, where they share 
a common agricultural policy,31 and European Common Market 
and Trade policy (free movement of goods, services, capital and 
persons in a single EU internal market),32 we do not expect sub
stantial discrepancies between the analyzed countries. Further re
search includes examination of other environmental indicators 
such as freshwater use, eutrophication or biodiversity loss to present 
a more complete picture of diet-related environmental footprints 
between populations.

Significant variations in diet-related GHGE and LU per kilogram 
of food consumed were observed among different demographic and 
dietary groups. Specifically, women exhibited lower GHGE and LU 
compared with men after adjusting for grams consumed, age, edu
cation and country, indicating potential gender-related differences 
in environmental impact. These findings are in line with evidence 

that points to a higher footprint among men,9,15 even after adjusting 
for calories or grams consumed by men. It may be partially 
explained by differences in diet choices among women found in 
previous studies,9 such as higher consumption of fruits and vegeta
bles, and lower intake of red and processed meat. There were some 
noteworthy exceptions to highlight. Specifically, Spain and 
Greece, both of which had some of the lowest GHGE levels 
among the countries, showed no apparent differences in GHGE 
between genders.

Lower GHGE and LU observed among the older population com
pared with other age groups may be attributed to similar factors.33

Still, it is unclear if these discrepancies are linked to generational 
shifts in dietary patterns or if they are due to changes in eating 
behaviours as people age. Furthermore, people with secondary edu
cation showed a slightly higher GHGE and LU footprints than both 
highest educated and lowest educated individuals. This can also be 
partly explained by higher consumption of fruits and vegetables, and 
lower intake of meat by the higher educated people.9,33 The findings 
concerning individuals with primary education should be inter
preted cautiously, given that this group comprises only approxi
mately 3% of our sample and is largely inconsistent across the 
countries under analysis. Furthermore, the variations in diet- 
related GHGE and LU among different education subgroups were 
generally small and inconsistent across the countries analyzed.

Dietary consumption data were sourced from the EU Menu pro
ject, ensuring high-quality, representative and harmonized individ
ual dietary records across EU member states. The mean portion sizes 
(grams) may differ across countries due to population character
istics, adjusted for in our main findings. For instance, Spain and 
Greece indeed had comparatively lower mean (unadjusted) portion 
sizes for beverages. However, Spain ranked second in milk/dairy 
portions and third in fruit portions, while Greece had the largest 
portions for fats/oils and substantial portions for fish, seafood and 
vegetables compared with other countries.

Finally, when considering the combined data from the 10 
European countries, it is noteworthy that meat and dairy intake 
contributed to over half of the total GHGE and approximately 
two-thirds of the overall LU. Yet, this impact was derived from an 
average consumption of just 6.3% of the total grams consumed 
(including beverages) within our sample. Not surprisingly, individ
uals following vegetarian diets demonstrated lower GHGE and LU 
compared with those following non-vegetarian diets, highlighting 
once again the potential environmental benefits of adopting a mostly 
plant-based dietary patterns.3,34,35 These findings not only reinforce 
the well-established notion in the literature regarding the imperative 
for bold action to reduce red meat consumption in Europe but also 
highlight the significance of considering demographic and dietary 
factors in assessing the environmental impact of food consumption. 
It is worth point out that beyond meat intake, diet diversity and 
portion size also play an essential role in shaping environmental 
footprints. As seen in countries such as Spain and Greece, greater 
dietary diversity with a balanced contribution from major food 
groups like fruits, vegetables, grains and dairy can result in a 
reduced GHGE and LU impact. The contrast between countries 
with high environmental footprints such as France and Belgium 
and those with lower footprints like Cyprus show that reducing 
portion sizes can also lead to a lower environmental impact. 
These insights can be invaluable in formulating targeted interven
tions and policies aimed at promoting more sustainable food con
sumption patterns.
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Supplementary data are available at EURPUB online.
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Key points 

• The environmental impact of food consumption varies across 
countries, socioeconomic groups and dietary patterns. 

• Highest dietary-associated GHGE and LU impacts per capita 
were in France, Belgium, and Latvia; lowest in Spain, Cyprus, 
and Greece. 

• Greater environmental impacts were found associated with 
dietary patterns of men, younger individuals, and those with 
secondary education. 

• Despite representing a small portion of total food 
consumption, meat consumption had the largest 
environmental impact in all European populations, 
emphasizing the environmental benefits of plant-based eating. 

• Diet diversity and portion size significantly influenced diet- 
related environmental footprints, suggesting the importance of 
balanced dietary choices for sustainability. 
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