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Abstract

Objective To estimate, in a cohort of young Portuguese adults, the environmental impact (greenhouse gas (GHG) emissions,
land use, energy used, acidification and potential eutrophication) of diet according to adherence to the Mediterranean Diet
(MD).

Methods Data from 1554 participants of the Epidemiologic Health Investigation of Teenagers in Porto (EPITeen) were
analysed. Food intake and MD adherence were determined using validated questionnaires. The environmental impact was
evaluated with the EAT-Lancet Commission tables, and the link between MD adherence and environmental impact was
calculated using adjusted multivariate linear regression models.

Results Higher adherence (high vs. low) to the MD was associated with lower environmental impact in terms of land use
(7.8 vs. 8.5 m%, p=0.002), potential acidification (57.8 vs. 62.4 g SO2-eq, p=0.001) and eutrophication (21.7 vs. 23.5 g
PO4-eq, p<0.001). Energy use decreased only in the calorie-adjusted model (9689.5 vs. 10,265.9 kJ, p<0.001), and GHG
emissions were reduced only in a complementary model where fish consumption was eliminated (3035.3 vs. 3281.2 g CO2-
eq, p<0.001). Meat products had the greatest environmental impact for all five environmental factors analysed: 35.7% in
GHG emissions, 60.9% in energy use, 72.8% in land use, 70% in acidification and 61.8% in eutrophication.

Conclusions Higher adherence to the MD is associated with lower environmental impact, particularly in terms of acidifica-
tion, eutrophication, and land use. Reducing meat consumption can contribute to greater environmental sustainability.
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Introduction

Climate change is one of the great problems of the twenty-
first century, and there are increasing strategies aimed at
reducing the impact of humans on the planet. In this sense,
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diet plays a key role in climate change as it is considered
to be responsible for one-third of greenhouse gas (GHG)
emissions [1, 2], two-thirds of fresh water use [3] and the
use of about half of the planet’s ice-free surface as farmland
or grasslands [4]. This is so important that, even if fossil
fuel emissions were halted, GHG emissions from the food
system could impede meeting the Paris Climate Agreement's
goal of limiting global warming to 1.5 °C compared to pre-
industrial levels [5].

Since not all foods have the same environmental impact,
different food patterns are particularly relevant in terms
of their relationship with environmental sustainability [4,
6, 7]. Today, the concept of sustainable diets is becoming

@ Springer


http://orcid.org/0000-0001-7146-3457
http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-024-03396-w&domain=pdf

European Journal of Nutrition

increasingly important. The Food and Agriculture Organi-
zation defines sustainable diets as those “with low environ-
mental impacts which contribute to food and nutrition secu-
rity and to healthy life for present and future generations”
with specific features, such as “protective and respectful of
biodiversity and ecosystems, culturally acceptable, acces-
sible, economically fair and affordable; nutritionally ade-
quate, safe and healthy; while optimising natural and human
resources” [8].

In 2019, the EAT-Lancet Commission published a rein-
forcing that use dietary patterns more sustainable than cur-
rent Western patterns, in which consumption of meat and
dairy products is reduced, is the most important strategy to
improve the sustainability of the current food system [9].

One of the dietary patterns that meets these character-
istics is the Mediterranean Diet (MD), characterised by a
high intake of vegetable products and monounsaturated
fatty acids (mainly olive oil); a moderate intake of fish; a
low-moderate intake of meat, poultry and dairy products;
and a moderate intake of wine [10]. This dietary pattern is
recognised for its important benefits in cardiovascular health
[11, 12] and the prevention of chronic diseases [13, 14].
Moreover, since it reduces the intake of animal products
and promotes biodiversity [15, 16], this dietary model is
expected to benefit environmental sustainability.

Understanding the environmental impact of diets is fun-
damental for developing sustainable public health policies
that contribute to improving global health. Therefore, the
aim of this work was to estimate, in a cohort of young Por-
tuguese adults, the environmental impact of diet according
to the adherence to the MD.

Methods

The Epidemiologic Health Investigation of Teenagers in
Porto (EPITeen) is a cohort study of adolescents who were
born in 1990, and attended public and private schools in
Porto, Portugal, in 2003/2004, as previously described [17].
Data from the third wave of the study in 2011/2013, when
participants were, on average, 21 years old, were used for
the present analysis.

The study was approved by the Ethics Committee of the
Hospital Sao Jodo and the Ethics Committee of the Institute
of Public Health of the University of Porto on July 31, 2012.
Written informed consent was obtained from parents and
participants at baseline, participants in the third wave. In
addition, a secure standard procedure was followed to ensure
confidentiality and data protection.
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Participants

At 21 years, 1764 participants were evaluated, but after
excluding participants without food frequency questionnaire
(FFQ) information, those with total energy intake higher
than three times the interquartile range, or fruit or vegetable
intake more than 1.5 times the interquartile range, and those
with extreme total energy intakes (< 500 or > 3500 kcal/day
in women or < 800 or > 4000 kcal/day in men) [18], 1554
participants remained for the analysis.

Variables and data collection

The dietary assessment was carried out using an 86-item
semi-quantitative food frequency questionnaire (FFQ) that
was validated in the Portuguese adult population [19, 20].
The FFQ covered the previous 12 months, ranging from
never or less than once a month to six or more times a day.
Daily energy intake and dietary fibre were calculated using
Food Processor Plus® software (ESHA Research, Salem,
OR, USA), with the addition of values for Portuguese foods
based on the Portuguese Food Composition Tables, typical
recipes and previous data [19, 21].

Adherence to MD was calculated according to the Dietary
Score (DS) index, developed by Panagiotakos [22], which
includes 11 food groups (vegetables, legumes, fruits, fish,
whole grains, potatoes, olive oil, poultry, dairy products with
fat, red meat and alcohol), and ranges from O to 55. This
index classifies adherence into tertiles, with the first tertile
corresponding to low adherence and the third tertile to high
adherence.

Trained interviewers used face-to-face interviews and
self-administered questionnaires to collect data on sex, body
mass index (BMI), parental and own education level, life-
style, and dietary habits.

The educational level of the parents was obtained from
the information of the parent with the most advanced formal
education, represented as the number of years of formal edu-
cation successfully completed. Schools were categorized as
public if they were state-run, and as private otherwise. BMI
classification was based on the World Health Organization
definition [23], while sports activity was evaluated accord-
ing to the frequency of dedication of at least 20 consecutive
minutes to sports activities, excluding compulsory school
activities.

Estimating environmental footprint

Based on the information gathered in the FFQs, GHG
emissions (grams of Carbon Dioxide equivalents (g CO2-
eq)), land (m2) and energy use (kJ), acidification (grams
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of Sulfur Dioxide equivalents (g SO2-eq)) and eutrophica-
tion potential (grams of Phosphate equivalent (g PO4-eq))
were estimated and associated with each food item. These
estimations were based on the EAT-Lancet Commission
tables [9], using the following steps:

1. All FFQ food items without reference in the tables of the
EAT-Lancet Commission were excluded and reduced to
63 foods (We lack information on chocolate, turkey, cer-
tain fruits, vegetables and legumes, and also on certain
beverages such as soft drinks, coffee or tea);

2. For dishes and recipes, we calculated their environmen-
tal impact based on their ingredients and proportions,
using traditional MD recipes [24, 25];

3. When a FFQ item did not refer to a single food (e.g.,
blue fish), we calculated the intake ratio based on data
from the National Food and Physical Activity Survey
[26].

4. The environmental loads of each food were obtained
from the meta-analysis [27] published within the rec-
ommendations of the EAT-Lancet Commission (Sup-
plementary material), and the environmental impact of
each food was calculated by multiplying the value of the
environmental burden by the daily consumption of each
product;

5. Finally, to determine the environmental impact of each
participant's diet, we summed up the individual contri-
butions of all the foods consumed considering the infor-
mation collected in the FFQs.

Statistical analysis

Descriptive statistics were used to show the general base-
line characteristics of the participants. The prevalence for
each category of each qualitative variable described is
expressed as n and percentage. To test whether there were
differences between the groups described, the chi-squared
test was used, including its corresponding p value. Dietary
intake values for food groups and environmental footprints
were represented by means and standard deviations. Linear
regression models, adjusted for sex, total energy intake
and parents’ years of schooling (<8 years, 9-12 years
or > 13 years), were performed to classify participants
based on tertiles of adherence to MD, and Kruskal-Wallis
tests were used to assess differences between tertiles with
respect to GHG emissions, land and energy use, acidifica-
tion, and eutrophication.

R software version 4.1.1 [28] was used for the calcu-
lation of individuals’ dietary environmental impact, and
statistical analysis was performed using Stata software
version 15.1 [29].

Results

The sample included 1554 participants of whom 51% were
women, 75% had studied in public school, 42% had studied
for more than 15 years and 71% of their parents had stud-
ied for 9 years or more, 69% had normal weight, 51% did
sports, 63% were non-smokers or former smokers and 62%
consumed alcohol less than once a week. A higher level
of education, both from the participant and from the par-
ents, the practice of sports activities, not smoking and not
drinking alcohol were significantly associated (p <0.05)
with greater adherence to MD according to the DS index
(Table 1).

The results obtained in relation to environmental factors
according to adherence to the MD dietary pattern by ter-
tiles are shown in Fig. 1. In the crude model, higher adher-
ence to MD was associated with lower acidification (high
vs. low adherence: 57.8 vs. 62.4 g SO2-eq, p=0.001),
lower eutrophication (high vs. low adherence: 21.7 vs.
23.5 g PO4-eq, p=0.001) and lower land use (high vs. low
adherence: 7.8 vs. 8.5 m%, p=0.001). However, greater
adherence to MD was associated with higher GHG emis-
sions (high vs. low adherence: 4561.7 vs. 3861.6 g CO2-
eq, p<0.001) and increased energy use (high vs. low
adherence: 10,140 vs. 9840 kJ, p=0.144).

Subsequently, different models were estimated, adjust-
ing for total energy intake and then for sex and parents’
years of schooling (Table 2). In the model adjusted for
total energy intake, higher adherence to MD was associ-
ated with lower acidification (high vs. low adherence: 54.5
vs. 65.5 g SO,-eq, p<0.001), lower eutrophication (high
vs. low adherence: 20.5 vs. 24.6 g PO4-eq, p<0.001),
lower land use (high vs. low adherence: 7.3 vs. 8.9 m?,
p<0.001) and lower energy use (high vs. low adherence:
9689.5 vs. 10,265.9 kJ, p=0.001). For GHG emission, we
found a lower impact for those with lower adherence to
MD (4042.8 g CO2-eq) and similar impact for the second
and third tertile (4397.3 and 4370.0 g CO2-eq, p<0.001,
respectively).

In the model adjusted for sex and parents’ years of
schooling, we found that greater adherence to MD was
significantly associated with lower acidification (high vs.
low adherence: 58.1 vs. 62.9 g SO2-eq, p<0.001), lower
eutrophication (high vs. low adherence: 21.9 vs. 23.6 g
PO4-eq, p=0.001) and lower land use (high vs. low adher-
ence: 7.8 vs. 8.6 m2, p<0.001).

In addition, to try to understand the relationship we
obtained between greater adherence to MD and a greater
amount of GHG emissions, we carried out an analysis
eliminating fish and seafood intakes from the diet. In this
case, in the model adjusted for total energy intake, all the
environmental factors analysed decreased with greater
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Table 1 General characteristics

. Overall Tertiles MD
of the sample ac.cordlng to (n=1554)
tertiles of the Dietary Score
(DS) n % Low (0-28) Medium (29-33) High (34-54) p-value
Sex
Female 800 51.5 288 (49.8%) 270 (50.6%) 242 (54.8%) 0.130
Male 754 48.5 290 (50.2%) 264 (49.4%) 200 (45.3%)
Type of school®
Public 1032 752 388 (76.7%) 355 (75.7%) 289 (72.6%)
Private 270  19.7 88 (17.4%) 92 (19.6%) 90 (22.6%) 0.124
Professional 71 52 30(5.9%) 22 (4.7%) 19 (4.8%)
Missing 181
Parents’ years of schooling
<8 years 441 285 186(32.4%) 142 (26.8%) 113 (25.6%)
9-12 years 607 393 208 (36.2%) 220 (41.6%) 179 (40.5%) 0.046
> 13 years 497 322 180(31.4%) 167 (31.6%) 150 (33.9%)
Missing 9
Participant’s years of schooling
<12 years 530 38.0 242 (46.5%) 170 (35.6%) 118 (29.8%)
13-14 years 283 203 98 (18.8%) 107 (22.4%) 78 (19.7%) <0.001
> 15 years 581 41.7 181 (34.7%) 200 (41.9%) 200 (50.5%)
Missing 160
BMI (kg/m?)
<18.5 93 6.0 43 (7.4%) 23 (4.3%) 27 (6.1%)
>18.5and <25 1074 69.1 404 (69.9%) 366 (68.5%) 304 (68.8%)
>25 and <30 289 18.6 96 (16.6%) 109 (20.4%) 84 (2%) 0.568
>30 98 6.3 35(6.1%) 36 (6.7%) 27 (6.1%)
Sports
No 758 48.8 308 (53.3%) 251 (47.0%) 199 (45.0%)
Yes 796 512 270 (46.7%) 283 (53.0%) 243 (55.0%)  0.007
Smoking habits
Non-smoker 435  28.0 133(23.1%) 156 (29.2%) 146 (33.0%)
Smoker 568 36.6 257 (44.5%) 183 (34.3%) 128 (29.0%)  <0.001
Former smoker 550 354 187 (32.4%) 195 (36.5%) 168 (38.0%)
Missing 1
Alcohol consumption
No 39 25 172.9%) 10 (1.9%) 12 2.7%)
Yes 545 351 236(40.9%) 174 (32.6%) 135 (30.5%)  0.001
Former drinker or <1 time/week 969  62.4 324 (56.2%) 350 (65.5%) 295 (66.8%)

Missing

1

The p values correspond to the chi-square test performed to assess whether there are differences between
groups. BMI Body Mass Index, MD Mediterranean Diet

#Type of school at age 21, data collected in the third wave of the study

The results highlighted in bold are those statistically significant (p <0.05)

adherence to MD. Higher adherence to MD was associ-
ated with lower GHG emissions (high vs. low adherence:
3035.3 vs. 3281.2 g CO2-eq, p<0.001), lower acidifi-
cation (high vs. low adherence: 54.8 vs. 65.4 g SO2-eq,
p <0.001), lower eutrophication (high vs. low adher-
ence: 20.6 vs. 24.4 g PO4-eq, p<0.001), lower land use
(high vs. low adherence: 7.3 vs. 8.9 m2, p<0.001) and

@ Springer

lower energy use (high vs. low adherence: 9701.5 vs.
10,202.1 kJ, p=0.006) (Supplementary material).

The main contributor to GHG emissions was meat followed
by fish and seafood (35.7% and 29.2% respectively); regard-
ing energy use, the main contributor was meat followed by
dairy (60.9% and 13.2% respectively); in the case of land use,
the main contributor was meat followed by grains (72.8% and
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Fig. 1 Environmental footprint for different factors by tertiles of adherence to MD (Crude model)

Acidification

Eutrophication

Energy

Table 2 Environmental footprint for different factors by tertiles of the Diet Score (DS) according to different adjustment models

Low adherence to the MD Medium adherence to the MD High adherence to the MD p-value
Mean 95% CI Mean 95% CI Mean 95% CI
Linear regression model adjusted for total energy intake
GHG (g CO2-eq) 4042.9 3951.4-4134.3 4397.3 4304.7-4490.0 4370.0 4271.9-4468.2 <0.001
Acidification (g SO2-eq) 65.5 63.9-67.2 62.4 60.8-64.1 54.5 52.7-56.3 <0.001
Eutrophication (g PO4-eq)  24.6 24.0-25.3 23.6 23.0-24.2 20.5 19.9-21.2 <0.001
Land (m2) 8.9 8.7-9.2 8.4 8.1-8.7 7.3 7.1-7.6 <0.001
Eenergy (kJ) 10,2659  10,030.3-10,501.5  10,461.1 10,222.4-10,699.7  9689.5 9436.7-9942.3 <0.001
Linear regression model adjusted for sex and parents' years of schooling
GHG (g CO2-eq) 3883.71 3779.2-3988.2 4366.9 4260.0-4473.8 457348  4461.6-4685.3 <0.001
Acidification (g SO2-eq) 62.86 61.1-64.7 61.7 59.9-63.5 58.14 56.2-60.1 <0.001
Eutrophication (g PO4-eq)  23.61 22.9-243 23.33 22.6-24.0 21.86 21.1-22.6 <0.001
Land (m2) 8.55 8.3-8.8 8.28 8.0-8.6 7.83 7.5-8.1 <0.001
Eenergy (kJ) 9905.92  9648.2-10,163.7 10,363.22  10,099.4-10,627.0  10,169.6  9893.6-10,445.6  <0.001

The table shows the mean adjusted for the different environmental impact factors. The results of the linear regression models were adjusted for
total calorie intake in the first case, and for sex and years of parental schooling in the second

MD Mediterranean Diet, GHG greenhouse gas emissions, CI Confidence Interval, g CO2-eq grams of Carbon Dioxide equivalents, g SO2-eq
grams of Sulfur Dioxide equivalents, g PO4-eq grams of Phosphate equivalents, kJ kilojoules

The results highlighted in bold are those statistically significant (p <0.05)

11% respectively) and, finally, with respect to acidification
and eutrophication, the main contributor was meat (70% and
61.8%) followed by dairy (21.8% and 25.9%) (Fig. 2).

Discussion

The results of this work show that greater adherence to an
MD pattern among participants in this cohort is associated
with lower environmental impact in terms of acidification,

eutrophication, and land use. In addition, the total energy
intake-adjusted model also associated greater adherence to
this dietary pattern with lower energy use. This is consist-
ent with other published studies in which high adherence to
MD was associated with lower energy and land use [30, 31].
In the study carried out by Fresan et al. [31] in which the
actual diet consumed in a Mediterranean Spanish cohort was
analysed, it was observed that greater adherence to the MD
pattern was related to lower energy and land use in addition
to improving other environmental factors.

@ Springer
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In contrast to other studies [32, 33], our results indicate
that greater adherence to MD is related to higher GHG
emissions. This can be explained by the high consumption
of fish (with high GHG values) of the participants, since
Portugal is the third country in the world in which most
fish is consumed behind Iceland and Japan [34]. In Por-
tugal, the MD and the Atlantic Diet coexist and, although
they have common characteristics, such as an abundant
consumption of fruits and vegetables and the use of olive
oil as the main fat, there is a greater consumption of fish,
meat, legumes and potatoes in the Atlantic Diet [35].

Although the intake of fish is highly recommended from
a nutritional point of view because of its wide-ranging
health benefits, and consumption of at least two to three
servings per week is recommended [36, 37], consuming
more than this amount could be detrimental to the environ-
ment as it would increase the overexploitation to which
fish stocks in more than 80% of the world are already sub-
jected [38]. In addition, organisations such as the Council
of Food Policy Advisors recommend a shift in consump-
tion towards products sourced only from sustainable crops
[39].

On the other hand, high fish consumption contributes to
exposure and increased intake of heavy metals such as mer-
cury [40]. Alternative with less environmental impact could
be vegetable protein from legumes. As in the index proposed
by Panagiotakos et al. [22], a higher consumption of fish is
related to a greater adherence to the MD, we carried out a
sensitivity analysis in which we eliminated these products
from the calculations and obtained that, in this case, greater
adherence to the MD also decreased GHG emissions.
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In our work, we observed how meat products are respon-
sible for a greater environmental impact in the five factors
analysed. This is explained by the fact that most agricul-
tural land is used by livestock, and this is the main cause
of deforestation, loss of biodiversity and land degradation
[41]. These data correspond to what is published in different
articles relating to animal products, especially meat, with
increases in GHG emissions and in land and energy use [4,
7, 42-44].

After meat, dairy is the food group with the second high-
est environmental impact in 4 of the 5 indicators used and is
also the third product with the highest impact in the remain-
ing indicator (GHG). This is in line with several published
studies that establish that animal-based foods, especially
meat and dairy, use far more resources and have a higher
environmental impact than most plant-based products [45,
46].

Most of the papers that analyse the relationship between
different dietary patterns and environmental impact agree
that the shift towards diets with a lower animal product con-
tent and a higher consumption of plant products would be
beneficial for the environment [2, 9, 47-49]. In the study
published by Belgacem et al. [49], they show how the change
of Western and European diets towards a MD pattern would
mean less environmental impact in terms of GHG emissions,
eutrophication, and land and water use. In addition, the revi-
sion published by Fresan et al. [45], they conclude that vegan
and ovolactovegetarian diets generate lower GHG emissions
and use fewer natural resources.

Other data obtained in the study were that participants with
a greater adherence to the MD and therefore with a lower
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environmental impact on their diet were those with more years
of schooling themselves and their parents, who performed
physical exercise, non-smokers and who did not drink alcohol
or did it less than once a week. Our results are partially con-
sistent with those published by Sanchez-Villegas et al. [50], in
which, in a Spanish cohort examining the relationship between
sociodemographic factors and dietary patterns, non-smokers
who were more physically active were in the highest quintile
of adherence to MD. They are also consistent with various
articles showing higher levels of education [51] or physical
activity [52] are associated with greater adherence to the MD.

As the world's population is steadily increasing and is esti-
mated to reach 10 billion by 2050 [53] and that food produc-
tion is the main cause of global environmental change [4],
it is essential that food guidelines and policies shift from a
traditional health-only approach to a sustainability-sensitive
approach [54], and, at this point, MD is presented as a pos-
sible solution to the health-diet-environment trilemma [55],
as increasing adherence to this pattern, characterised by a low
consumption of animal products, can help not only to improve
our health, but also to reduce environmental impact as we have
seen in our work.

Strengths and limitations

The results presented in this paper are not without limita-
tions. Since there is no single method for assessing the envi-
ronmental impact of diet, the results may not be comparable
quantitatively, and it should also be borne in mind that, within
the database used, there are products that could be produced
locally and therefore present different environmental impacts
from that used for our calculations. In addition, the environ-
mental impact database chosen did not include some of the
foods included in the FFQ, and that this questionnaire included
recipes that had to be broken down into main ingredients fol-
lowing standard recipes. Finally, the collection of intake data
through this type of questionnaire could present a recall bias.

However, it also has numerous strengths. To our knowl-
edge, this is the first time that the environmental impact of
diet in Portugal has been analysed in association with MD.
In addition, it was conducted in a large population sample
who were recruited in schools, with a high proportion of
participation (about 78%). Another strength is that this study
is population-based, and its information may contribute to
the planning and implementation of healthy food promotion
strategies.

Conclusions

Higher adherence to the MD is associated with lower envi-
ronmental impact in terms of acidification, eutrophication,
and land use, and even lower GHG emissions and lower

energy use depending on the adjustment model used. Meat
products have the most weight in terms of environmental
impact in the five factors analysed, so it is expected that
diets low in these products will be more environmentally
sustainable.

Despite the impact of fish consumption on GHG emis-
sions, our results support the recommendation of the Medi-
terranean Diet as a strategy to increase the health of the
population and our planet.
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