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Adolescent athletes require adequate energy and nutrient supply to support
growth, development, and the demands associated with exercise and training.
However, they are susceptible to nutritional inadequacies affecting their
health and physical performance. Food choices with nutrient adequacy and
environmental protection is crucial for a sustainable diet. Therefore, we aimed
to assess the adequacy of low-carbon diets to meet the protein requirements
of adolescent athletes. Therefore, a cross-sectional observational study was
conducted with 91 adolescent athletes from sports clubs in Rio de Janeiro who
underwent anthropometric and food consumption assessments. To estimate
the environmental impact of anthropogenic activities, the sustainability
indicators carbon footprint (CF) and water footprint (WF) were used. The CF of
the athlete's diet was compared with the benchmark of 1,571 g CO»eq/cap/d
estimated by the World Wildlife Fund (WWF). Protein recommendations
according to the American Dietetic Association (ADA) for athletes and protein
food groups according to the low-carbon EAT-Lancet reference diet were
used as references. The results were stratified by sport modality, age, sex,
and income range. The Mann-Whitney test was performed, followed by the
Kruskal-Wallis test with Dunn’s post-hoc test to assess the differences between
groups using the statistical program GraphPad PRISM® version 8.0. CF and
WEF were directly associated with total energy intake, total protein intake,
animal-origin protein intake, and the food groups of meat and eggs. Significant
differences were observed in the environmental impact of diet based on
sports groups and gender. The athletes’ profile with higher environmental
impact was male, middle-income class, and of any age group. The quartiles
of CF of the overall diets were above the 1,571 g COyeq/cap/d benchmark.
Additionally, ADA's recommended range of daily protein consumption was
met by most athletes, even in the lowest quartile of CF. Thus, a diet with a
lower environmental impact can meet protein recommendations in adolescent
athletes. The results found are of interest to the sports and food industries.
It could help in designing a balanced diet for athletes as well as ensure less
negative environmental impacts of food production and consumption.
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Introduction

Athletes’ diets are generally high enough in protein, if not
excessive (1). The American dietetic association (ADA) (2)
recommends a protein intake of 1.2-2.0 g per kilogram (kg) of
body mass for adult athletes, from good quality protein sources
divided into moderate portions throughout the day. However, it
is a common belief among athletes that sources of animal protein
are needed for muscle recovery (3) and that meat bioactive
molecules have functional properties that exert positive effects
on athletic performance and overall health status of athletes (4).
However, ruminant products, including meat and dairy, have
the highest greenhouse (GHG) gases emissions per kilogram,
per kilocalorie, per serving, due to methane from the enteric
fermentation and nitrous oxide from manure (5).

According to Jeukendrup and Cronin (6) young athletes
have a high intake of protein above the recommended daily
intake (RDA). Additionally, (7) more than 55% of adolescent
athletes of both sexes (n = 129) practicing tennis, swimming,
gymnastics (artistic and rhythmic), and judo have been reported
to have excessive intake of carbohydrates and proteins. Higher
protein consumption is likely to increase the demand for
animal protein production, including meat, dairy, and eggs.
As meat production increases, greater areas of native biomes
are devastated due to the increased need of pastures or the
production of cattle feed (8).

In Brazil, ~80% of the deforestation in the Amazon
Forest is due to livestock activities (9). Moreover, deforested
land is often cleared using fires emitting GHGs. In addition
to contributing to GHG emissions, deforestation causes
environmental degradation and natural habitat destruction,
causing the extinction of native species. Furthermore, it causes
soil degradation and erosion triggering multitudes of issues
including floods, compromised water resources, and changes in
rainfall regimes (8).

Different environmental indicators can be used to assess the
environmental impacts of food production and consumption
(10). GHG emission, also called carbon footprint (CF),
is associated with global warming potential and is widely
discussed while addressing responsibility and mitigation of
global warming (11). CF measures the total amount of GHG
gas emissions (CO2, CHy, N2O, HFC, PFC, and SF¢) over the
entire life cycle of a product, food, event, individual, and so
on. Another widely used indicator is the water footprint (WF).
Based on the latest IPCC report (12), the World Wildlife Fund
(WWEF) (13) has set a per capita dietary food footprint of a
maximum of 11 kg CO; eq/week to keep global warming below
1.5°C. The WF has been used as an indicator of the water
consumption of people and products in different parts of the
world (14-16).

In 2019, the EAT Lancet Commission on Healthy Diets from
Sustainable Food Systems published a new global sustainable
diet benchmark to promote human health, while remaining
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within the planet’s ecological boundaries. The commission
concluded that a change to plant-based diets has a high potential
for mitigating global warming (17). The report also highlights
the need for a major shift in our eating habits to keep the
food system within sustainable boundaries (17). However, the
potential of the EAT-Lancet reference diet for application in
the diets followed by the general population is unclear, as it
was conceived as a general reference for a sustainable planetary
diet (18).

Recently, studies focusing on integration of athletes” dietary
choices with sustainable food systems have been published
(1, 19-22). However, to date, no studies have estimated the
environmental impact of diet of adolescent athletes. Therefore,
the work aimed to analyze food, energy, and protein intake,
concerning CF, WF and EAT-Lancet reference diet (17) among
adolescent athletes from different Olympic modalities. This
study intends to provide better nutritional guidance compatible
with nutritional demands and lower environmental impacts.
This is especially relevant in the context of conservation of forest
and biodiversity being exploited to maintain the population’s
high consumption of all types of meat and dairy products (23).

Materials and methods

Study design and participants

This cross-sectional study included 91 adolescent athletes
aged 11-19 years, who were practitioners of the Olympic
modalities: judo, swimming, water polo, and artistic swimming.
The study was approved by the Research Ethics Committee
of Clementino Fraga Filho University Hospital/UFR] CAAE
58179716.3.0000.5257. The participants and their guardians
were informed about the procedures and risks involved and gave
their written consent.

Socioeconomic data

All participants completed a questionnaire on demographic
and socioeconomic data (age, sex, and monthly family income).
For the classification of monthly family income, the national
criteria adopted by population surveys stratified by minimum
wages were used (24): Level 1, from 1 to 2 minimum wages; Level
2, from 2 to 4 minimum wages; Level 3, from 4 to 10 minimum
wages; Level 4, from 10 to 15 minimum wages; and Level 5, above
15 minimum wages.

Anthropometry

Weight was measured using a Filizola® 150kg digital
electronic scale balance with a maximum load of 150kg,
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minimum load of 2.5kg and sensitivity of 0.1kg (Campo
Grande, Brazil). Height was measured using an Alturexata
Stadiometer® with bilateral wooden ruler scaled in millimeters
(1mm resolution) and field of use from 0.35 to 2.15mm
(Belo Horizonte, Brazil). Both measurements were performed in
duplicate. From these data, body mass index (BMI = kg/m?) was
calculated. The participants’ weight was evaluated according to
BM]I, sex, and age (25).

Food intake

Food consumption was evaluated using a 24-h food
record. Participants were asked to detail the food consumed,
specifying quantities, time of ingestion, portion sizes, and
brands of products consumed the day before the interview (26).
Nutritional supplements were also analyzed as they contribute to
daily nutrient and energy intake (2). For the quantitative analysis
of nutrients and energy, data were converted to International
System units using a table for assessment of food consumption
in household measures (27). Protein consumption was evaluated
based on the recommendations of the American Dietetic
Association (ADA) (2), which recommends 1.2-2.0 g/kg of body
weight/day protein consumption based on the level of physical
activity (moderate to intense). We also stratified protein intake
by animal protein and plant-based protein to evaluate the effect
of origin of the protein on environmental indicators.

Comparison of food consumption with
EAT-Lancet reference diet

The Eat-Lancet reference diet is based on a 2,500 kcal
diet; foods are divided into eight food groups, and protein-
rich foods are divided by source into six subgroups. This
study analyzed food groups that are protein sources and dairy
products. For analysis, the percentage of the energy contribution
of each food group was calculated (Table 1). Subsequently, the
percentage (%) of the energy contribution of each protein food
group reported by the study participants was compared to the
% of energy contribution recommended by the EAT-Lancet
Commission (17).

Estimation of the environmental impact
of the diet

The environmental footprints of the foods consumed were
calculated based on the database developed by Garzillo et al.
(28), which provides the CF and WF coefficients. Furthermore,
the authors reviewed primary data on footprints, including
scientific publications and industrial reports, prioritizing
primary data from Brazilian food production. The different
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TABLE 1 EAT-Lancet reference diet in energy and percentage
contribution to total energy intake for protein source food groups.

Energy Percent
intake/kcal per contribution to
day total energy intake
Dairy foods 153 6.11
Animal protein 6.03
Red meat 30
Poultry 62
Eggs 19
Fish 40
Plant-based protein 2297
Nuts 284
Legumes 291

cooking methods were also included in the analysis to consider
CF and WF “from farm to fork.” CF represents the amount
of GHGs emitted by food intake (g COzeq/cap/d), and WF is
the sum of three specific components: green, blue, and gray
water (liters/cap/d). Additionally, the upper limit of 1,571g
COzeq/cap/d of CF proposed by the WWF (2021) (13) was
compared with the CF of the daily diet set to keep global
warming below 1.5°C (12).

Statistical analysis

The Kolmogorov-Smirnov test was used to assess data
normality. The data showed a non-parametric distribution;
therefore, they were expressed as median, minimum, and
maximum. The study variables were compared by sex, age
group, income level, and type of sport using the Mann-Whitney
test, followed by the Kruskal-Wallis test with Dunn’s post-
hoc test for comparisons between the groups. The correlation
between the variables and environmental impact of the diet
was evaluated using Spearman’s correlation. The association
between footprints and the variables were evaluated using an
n-path analysis. All analyses were performed using GraphPad
PRISM® version 8.0. The power of the test was calculated a
posteriori based on a mean effect size of 0.15, for a sample of 91
participants. The calculations showed that at a significance level
of 5%, the statistical power was equivalent to 87%. G-Power®
software (version 3.1.9.2) was used.

Results

The final sample consisted of 91 confederate athletes
categorized according to age group, sex, sports modality, and
family monthly income level. The median total mass, height, and
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body mass index found were 56.8 kg (34.4-97.7), 1.62 m (1.40-
1.81), and 21.3 kg/m® (16.1-33.5), respectively. As for body
composition, we observed that most of the participants (67.0%,
n = 61) were classified as eutrophic, with an average BMI of 21.6
kg/m?, 28.6% (n = 26) were overweight and 4.4% (n = 4) were
obese. Statistical differences were observed between age groups
for height (p < 0.0001), body mass (p < 0.0001), and BMI (p
< 0.0001) and between sex, for height (p = 0.0012), and body
mass (p = 0.0223). Anthropometric and socioeconomic results
are shown in Table 2.

The protein intake of the participants was 1.78 (0.4-3.8)
g of protein per kilogram of body weight (g/kg). The median
amount of vegetable protein was 0.34 g/kg of body weight, while
animal protein was 1.31 g/kg. Artistic swimming participants’
protein intake [1.3 (0.6-2.7) g/kg of body weight] was lower (p
= 0.0061) than that of swimming participant’s [2.0 (1.3-3.1) g/kg
of body weight]. While protein intake for judo participants was
1.5 (0.4-3.8) g/kg of body weight, and water polo participants
was 1.5 (0.6-3.3). The protein intake was within the ADA’s (2)
recommended range for 49.4% (n = 45) of the participants,
while 27.4% (n = 25) had higher protein intake, and 23% (n
= 21) had lower intake than the reference values. Additionally,
the participants did not report using nutrition and protein
supplements. The protein intake according to food source, total
energy from protein intake/day and ADAs (2) recommendation
range is represented in Figure 1.

Table 3 shows the CF and WF values of the reported diet
of the participants according to age, sex, and sociodemographic
variables. The median of the entire group for CF and WF
was 4,999.5g COzeq/cap/d (1,379.3-18,668.1), and 4,943.6
liters/cap/d (1,222.9-12,829.3), respectively. The athlete group
with the greatest environmental impact was male. The only
sports modality that presented differences in CF and WF from
the other modalities was artistic swimming (p < 0.0001).

The energy and protein intake and environmental footprints
across quartiles of CF are represented in Table 4. The CF values
were above the benchmark of 1,571 g COzeq/cap/d for a diet
compatible with global warming below 1.5°C. The protein
median was within the range recommended by the ADA (2)
for the four quartiles. No statistically significant difference was
observed in vegetable protein intake among quartiles. Animal
protein levels differed from the 1st to 4th quartile.

The percentage contributions of each of the six protein
groups in the EAT-Lancet reference diet to energy intake, CE,
and WF are shown in Figure 2. The percentage contribution of
animal protein food groups to energy intake was 33.6%. Animal
protein food groups contributed to 85.9% of the CF and 78.4% of
WF in the reported diets. A comparison between the EAT-Lancet
reference diet and participants’ intake is shown in Figure 3.
Values are expressed as the percentage of energy contribution
for each food group. The ingestion of legumes and seeds was
below the recommended levels for all participants, and the fish
intake was below the recommended levels as per the Eat-Lancet
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reference diet for most participants. Red meat, dairy, and poultry
intake was above the recommended levels as per the EAT-Lancet
reference diet.

Discussion

The present study estimated the environmental impact
of food intake of adolescent athletes from different Olympic
modalities, using CF, WE, and Eat-Lancet as a reference
to evaluate the association of recommended protein intake
and sustainable food consumption (17). Additionally, the
participants underwent anthropometric assessment and were
classified according to their socioeconomic conditions. The
results showed that food intake and the environmental impact
of diet varied according to the practice modality. CF and WF
were moderately correlated with intake of animal protein, total
protein, red meat, and eggs.

BMI is not the best indicator for evaluation athletes” health,
as it does not consider the distribution of body fat (29). However,
in the case of adolescent participants, this indicator becomes
relevant for assessing their growth and development (29, 30). In
the present study, 26 participants were overweight. Additionally,
three of the ten judo practitioners were obese. These results are
supported by existing literature, including the study by Sotoriva
and Miraglia (31), which evaluated Brazilian Judo athletes, with
a mean age of 15.6 + 1.6, BMI of 23.3 4 2.5 kg/m? and reported
that 69.2% of the participants were eutrophic and 30.8% of them
were overweight based on BMI.

Of the participants, 41.8% (n = 45) could meet the
protein recommendations (2). However, 35.0% (n = 32) of
the participants consumed protein above the recommendation
level. This high consumption of protein may be due to the
desire to increase muscle mass; however, consumption above
the recommended level of protein does not increase protein
synthesis; therefore, it is not useful (32). For the ingested protein
to be used for protein synthesis instead of oxidation for energy
supply, adequate energy intake is important, especially from
carbohydrates (2).

Current data suggest that the dietary protein intake required
to support metabolic adaptation, repair, remodeling, and protein
turnover generally range from 1.2 to 2.0 g/kg/day (2). The
daily protein intake goals should be met with a meal plan
that provides a regular distribution of moderate amounts of
high-quality protein throughout the day and after strenuous
training sessions. These recommendations cover most training
regimens and allow for flexible adjustments with periodic
training and experience (33). Regarding the total protein intake
of the participants, consumption of animal protein (78%) was
almost four times higher than that of plant-based proteins such
as legumes.

Regarding the Eat-lancet reference diet, all animal protein
food groups, except for fish, consumed by the participants
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TABLE 2 Anthropometric data, energy intake and protein intake of the adolescent athletes participating in the research, categorized by age group, gender, sport modality and monthly family income

levels.
Total Age group Gender Sport modality Family income levels
(n=91) 11-14 15-19 Female Male Judo Artistic Swimming Water 1 2 3 4 5
years years (n=45) (n=46) (n=36) swimming (n=25) Polo (n=14) nm=16) nm=31) =200 (n=10)
(n=52) (n=39) (n=21) (n=9)
Heigh (cm) 162.0 158.0 166.7 159.8 166.3 162 160.6 165 (144-181) 167 (150-181) 159.5 163 (145-179) 165 (146-176) 158.2 159.9
(140.0-181.0)  (140-174)*  (149-181)*  (144-171)*  (140-181)*  (140-176.5)  (145-170.2) (140-175) (140-181)  (144-181)
Body weight 56.8 51.8 62.7 (45.2-93) 53.8 59.9 56.0 546 57.5 63.5 57 (36.6-67.2) 60.5 57 (34.4-97.7) 53.8 523
(Kg) (34.4-97.7)  (34.4-97.7) * * (34.4-84.3)* (34.6-97.7)* (34.0-93.0)  (39.1-653)  (38.3-84.4)  (42.6-97.7) (39.1-72.9) (34.6-84.3)  (39.6-84.4)
BMI (kg/m?) 213 203 227 209 215 21.6 207 21.1 226 22.1 228 214 203 20.8
(16.1-33.5)  (16.1-32.3)* (19.3-335)* (16.1-32.1)  (16.1-33.5)  (16.1-335)  (163-25.2)  (17.2-25.7)  (18.9-32.3)  (16.1-24.8)  (18.4-25.5)  (16.1-335)  (17.2-25.7)  (18.8-25.7)
Protein intake 1.8 (0.4-3.8) 1.8 (0.5-3.8)* 1.6 (0.4-3.3)* 1.5(0.6-3.1)* 1.8(0.4-3.8)* 1.5(0.4-3.8)* 1.3(0.7-2.7) 2.0(1.3-3.1)* 1.5(0.6-3.3)® 1.5(0.8-2.3) 4.3 (24-82) 1.9(0.5-3.8) 1.6(0.6-3.1) 1.9(1.1-2.8)
(g/kg)
Calorie intake  1,953.4 1,938.4 1,967.4 1,769.6 2,160.1 1,960.4 1,571.1 2,215.8 2,100.1 1,769.8 1,882.4 1,902.5 2,063.3 2,131.1
(kcal/day) (1,030.2— (1,030.2— (1,125.5- (1,030.2— (1,280.3— (1,265.7- (1,030.2— (1,398.3— (1,867.9- (1,280.3— (1,215.0- (1,125.5- (1,101.4- (1,030.2—
3,389.1) 3,304.7) 3,389.1) 3,304.7) 3,389.1) 3,349.9)* 2,067.8) 3,389.1) 2,761.3)* 2,205.9) 3,349.9) 3,159.3) 3,304.7) 3,389.1)

Data are expressed as median, minimum, and maximum; centimeters; kg- kilograms; BMI- body mass index; kg/m?- kilograms per square meter; family income levels: 1- up to 2 minimum wages or up to R$ 1,449.99; 2- from 2 to 4 minimum wages or
between R$ 1,500.00 and R$ 2,899.99; 3- from 4 to 10 minimum wages or between R$ 2,900.00 and R$ 7,249.99; 5: from 10 to 15 minimum wages or between R$ 7,250.00 and R$ 14,499.99; 6: above 15 minimum wages or above R$ 14,500.00. Values not

sharing superscript letters are different at the univariate level, p < 0.05. " Significant difference between categorized groups (p < 0.05).
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FIGURE 1
Daily protein intake (g) (A), daily protein intake per kilogram of body weight (g/kg) and the ADA (2) recommendation range for protein (1.2-2.0
g/kg/day) (B), and daily energy intake from protein (C) of adolescent athletes according to the food source of protein. Data expressed as
median, minimum, and maximum. Dotted lines: Recommendation range (1.2-2.0 g/kg).

were higher than the recommended level. However, as the
Eat-Lancet is a universal recommendation, it is necessary to
adapt the EAT-Lancet reference diet to national preferences and
contexts, as well as local food availability, nutritional content
of foods, and national dietary recommendations (34). The CF
and WF relative to Eat-Lancet reference food groups were
not surprising, as animal protein is known to have a high
environmental impact, high CF and WF as compared to that
of plant protein (35). This is especially important because, in
Brazil, there is a tradition of appreciating meat, and people
consider animal protein essential for health and nutrition (36).
However, such a high intake of dairy was not expected, which
might be associated with adolescent consumption of yogurts,
sandwiches, and pizza, which are very common in this age
group (24). We expected to observe a higher intake of legumes,
as beans are a staple food in Brazil and are traditionally
consumed twice a day along with rice, vegetables, and a source
of meat (37, 38). Beans were the second-most consumed
food (142.2 g/person/day) reported at Pesquisa de Orcamentos
Familiares 2018-2019 (POF—Household Budget Survey 2018-
2019), while the participants in our study reported a median
intake of 70 g (24).

No association was found between income levels and
food groups or between income levels and CF and WF.
Meat consumption may vary according to income, increasing
proportionally to income until it reaches a plateau and
then drops slightly (39). On the other hand, it is expected
that people with greater purchasing power will be more
aware about sustainability. Therefore, this group would be
more susceptible to adopting a diet with low environmental
impact (40).
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In our study, male participants had higher CE, WE and
energy intakes than female participants. It is well-documented
that footprints are associated with energy intake (35). The older
age groups also had higher footprints than the younger group,
which is probably due to the higher energy intake among older
athletes. Maintaining a diet within the energy recommendations
is a possible way to stimulate healthy and sustainable diets (35).
However, athletes have a high total energy expenditure, and this
procedure is not suitable for athletes. Among the different sports
modalities, artistic swimming participants had lower values of
CF and WF; these athletes also had lower energy intake, and
in the group studied, all were female. Therefore, the lower
environmental impact of this modality is likely associated with
sex and lower energy intake.

Garzillo (10) evaluated the environmental impact (CF and
WF) of average Brazilian food consumption based on data
from the Pesquisa de Or¢amentos Familiares 2008-2009 (POF—
Household Budget Survey 2008-2009). An estimated value of
4,130 g COjzeq/cap/d was obtained for CF, where red meat
represented 56.0% of the average dietary carbon emissions. The
estimated WF value is 4,124 liters of water per day. The average
energy intake was 1,977 kcal and the median protein intake
was 76 g. Red meat represented 56.6% of the total value of CF.
Regarding WE, red meat's contribution was 49.2%, followed
by legumes (7.5%), fruits (3.3%), and vegetables (3.1%). In
comparison with the study carried out by Garzillo (10), the
adolescent athletes in our study had a higher WF (4,943.6 liters)
and CF (4,999.5 g COzeq/cap/d). Meat’s contribution to WF and
CEF, 78.4 and 85.9%, respectively, can also be considered high.

Other studies have used higher estimations of CF for a
sustainable diet: 1,337 kg COzeq/cap/yr, equivalent to 3,713 g
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36) (n=14) (n=16) (n=31) (n=20) (n=10)

(n

(n=25)

(n=45) (n=46) swimming (n=29)
(n=21)

years
(n=39)

years

(n=91)

(n=52)

4,606.7
(1,991.4-

4,131.4 57222 3,804.5 5291.2 2,656.4 5,298.1 6,175.6 4,788.6 4,041.9 4,763.4 5,160,0 4,442.1
(1,399.3- (1,399.3- (1,379.3- (1,399.3- (2,378.1- (2,527.4- (1,379.3- (1,691.9- (1,399.3- (1,444.3- (1,379.3-

(1,379.3-

4,999.5
(1,379.3-

Carbon

footprint (g
CO; eq)

7,635.4)"

18,668.1)"

18,668.1) 14,508.8) 14,630.5) 12,159.7 17,280.8)

3,849.0
(1,632.8-

18,668.1)
6,208.6
(1,222.9-

17,280.8)

18,668.1) 17,280.8) 14,630.5)

12,471.0)

18,668.1)

5,287.4
(2,733.1-

5,613.5 4,803.2
(1,626.0-

(1,530.1-

4,449.8
(1,222.9-

5,962.8
(2,733.1-

8,812.9
(4,413.5-

4,835.9 5,887.2 4,394.0 6,562.4 3,350.9
(1,222.9- (1,518.1- (1,222.9- (1,530.1-

(1,626.0-

4,943.6
(1,222.9-

Water

footprint

11,562.6) 12,829.3) 12,829.2)° 12,672.6) 11,255.8)" 11,608.6) 12,672.6) 12,829.2) 12,829.2) 12,163.6) 11,255.8) 11,562.6 12,672.6)

12,829.3)

(liters)

Data are expressed as median, minimum, and maximum; gCO2 eq: carbon dioxide equivalent; m2: meter squared; family income: 1-2 minimum wages or up to R$ 1,449.99; 2- from 2 to 4 minimum wages or between R$ 1,500.00 and R$ 2. 899.99; 3-

" Significant

from 4 to 10 minimum wages or between R$ 2.900,00 and R$ 7.249,99; 4- from 10 to 15 minimum wages or between R$ 7.250,00 and 14.499,99; 5-above 15 minimum wages or above R$ 14.500,00. 'Signiﬁcant difference between gender;

difference in artistic swimming in relation to the other sports modality.
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COjeq/cap/d (41), and 3,288g COzeq/cap/d for a healthy
sustainable diet (42). If these values were used, the diet of
participants in the first quartile of CF could be considered
sustainable. However, the other quartiles were high-intensity
emissions. CF estimates for the fourth quartile were superior to
the average dietary emissions from high-emission countries such
as the USA (43).

The different methodologies used to estimate the
environmental impact of food consumption make it difficult
to compare results between studies. The food consumption of
adolescent athletes presented in this study had higher values
for CF (4,999.5 g COzeq/cap/d) than in the studies carried out
by Travassos et al. (44), Reguant-Closa et al. (21), and Arrieta
and Gonzales (45). The values found for WF (4,943.6 L) can
be considered high compared to the results of Travassos et al.
(44). However, the footprint database used by these authors has
a different methodology than that used in the present study
because they did not consider the cooking techniques. Travassos
et al. (44) analyzed the contribution of the Brazilian diet to
CF and WF based on food consumption data from the POF
2008-2009. The mean values found for Brazilian adults (n =
24,152) for energy intake were 1,578.2 £ 569.9 kcal/day; CF
was 6,760.6 £ 4,920.7 g COzeq/cap/d, and the WF was 3,476.4
=+ 1,830.8 L/d. Arrieta and Gonzaéles (45) estimated that GHG
emissions related to the current diet in Argentina are 5.48 kg
COzeq/cap/d. The CF found in this study was considered high,
with foods of animal origin contributing to the largest share
of emissions (71%). Temme et al. (46) evaluated the CF of 1
day of food consumption in the Netherlands in boys and girls
(7-18 years). Girls had an average of 3.2kg COjeq of CF, with
an energy intake of 2,015 kcal/day, and for boys 3.7 kg COzeq,
with an energy intake of 2,3960 kcal/day. Approximately 40%
of the GHGs in the diets came from meat and cheese, and
the contribution of beverages was ~20%, represented by dairy
drinks, soft drinks, coffee, and tea.

A study carried out in Sweden used linear programming
to design nutritionally adequate and climate-friendly diets for
omnivorous, pescatarian, vegetarian, and vegan adolescents
(47). The results showed that an affordable and nutritionally
adequate diet with considerably reduced GHG can be achieved
for adolescents. For omnivorous adolescents, the diet was
associated with a reduction in meat, dairy, and processed
foods, and an increase in cereals and tubers, pulses, eggs, and
seafood (47).

We observed a considerable disproportion between the
percentage of energy contribution (33.6%) and the percentage
contribution of CF (85.9%) and WF (78.4%) from animal
protein. In the first quartile, the plant-to-animal protein was
1:3. In the quartile with the highest CF, the ratio of plant-to-
animal protein was 1:5, reinforcing the need to reduce animal
protein consumption to decrease the environmental impact of
the diet. Reducing the intake of animal protein and reducing
energy intake should be ranked as the first and second steps to
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TABLE 4 Energy and protein intake and environmental footprints across quartile of carbon footprint.

Carbon footprint

Q1

2,009 (1,379-2,704)*

Q2

3,710 (2,751-5,000)°

Q3

6,206 (5,002-7,762)°

10.3389/fnut.2022.1016409

Q4

10,643 (7,890-18,668)¢

Water footprint 2,627 (1,223-6,697)* 3,840 (1,633-8,497)*° 5,306 (4,077-1,1256)"¢ 9,106 (5,614-12,829 ¢
Energy (day) 1,571 (1,030-2,913)* 1,934 (1,259-3,159)*" 2,011 (1,354-2,765)>¢ 2,440 (1,398-3,389)4
Protein (g/kg/day) 1.2 (0.4-2.6)* 1.5 (0.6-3)*> 1.7 (0.7-2.8)*b 2.0 (0.9-3.8)®
Vegetable protein (g/kg/day) 0.31 (0.1-0.6) 0.37 (0.14-0.91) 0.43(0.17-0.84) 0.31(0.17-0.94)
Animal protein (g/kg/day) 0.9 (0.18-2)* 1.16(0.4-2.6)*" 1.28(0.51-2.1)*P 1.59 (0.75-3.67)®

Values are expressed as median, minimum, and maximum. Data were analyzed using the Kruskal Wallis test with Dunn’s correction; values not sharing superscript letters are different at
the univariate level, p < 0.05.
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FIGURE 2
Percentage contribution from Eat-Lancet reference diet food groups to energy intake (A), carbon footprint (B), and water footprint (C).

steer current food consumption in a sustainable direction, and
reducing household food waste should be ranked third (48).
Therefore, it is evident that vegetarian and vegan diets do

and omnivorous endurance athletes and found that their ability
to generate strength was equivalent, and vegetarians showed
better cardiorespiratory fitness than omnivorous athletes. Nebl

not impair sports performance. Lynch (19) compared vegetarian et al. (49) found similar results when comparing the exercise
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capacities of vegan, lacto-ovo-vegetarian, and omnivorous
athletes; the three groups presented the same capacity. Thus, it
is possible to note that adopting a vegetarian diet does not bring
any harm to sports performance, and there are still benefits to
the health of these individuals reducing the risk of developing
chronic diseases (50). It is worth mentioning that for athletes
to be able to reduce the environmental impact of their diet,
they do not need to become vegetarian or vegan. Reguant-Closa
etal. (20) highlighted in their study that replacing part of animal
protein with plant-based protein already leads to significant
mitigation of environmental impacts.

There are several ways to introduce sustainable strategies in
sports nutrition, such as adopting a flexible diet with a greater
intake of plant-based protein than animal protein, not exceeding
the daily protein intake needs, reducing the consumption of
animal protein, reducing food waste, prioritizing the production
of local and seasonal foods, reducing the consumption of
processed foods, and prioritizing sustainable packaging. These
guidelines can aid in reconciling sports nutrition, performance,
and food sustainability. However, nutritional recommendations
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that consider sustainability are still scarce (1, 22, 51). Therefore,
it is important to reinforce the scientific evidence of the
environmental impact of the diet of athletes, especially
adolescents, which highlights the importance of the present
study, since adolescent athletes have different consumption
patterns and nutritional needs compared to other groups.

To the best of our knowledge, no previous study has
calculated the environmental impact of the diets of adolescent
athletes.

provide insights into the environmental boundaries of diets,

This area of research needs further studies to
food and nutrient intakes and sports performance. We also
emphasize the importance of providing nutritional guidance
for sustainability. Discussions about sustainable diets are still
very incipient in Brazil, and different initiatives and clarification
campaigns are necessary to encourage the reduction of animal
protein consumption.

Our results demonstrate that Brazilian adolescent athletes’
food intake was above the benchmark of 1,571 g COseq/cap/day
for a diet compatible with global warming below 1.5°C. The
median of the protein was within the range recommended by
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ADA (2), even in the lowest quartile of CF, which demonstrates
that it is viable to have a lower environmental impact while
meeting the protein recommendations.

Furthermore, our findings show some discrepancies between
the diet of athletes and the reference planetary diet of the
EAT-Lancet. This may be explained by the fact that the EAT-
Lancet reference diet was conceived as a recommendation for
the general population and not for specific groups. Therefore,
it could be used as a roadmap and is not strictly followed
by athletes because it has many stress points. Athletes have
higher protein and energy recommendations than the general
population. Although athletes can follow a plant-based diet,
nutritional guidance is not always available.

Our results demonstrated that it is possible to have
athletes on a low-carbon diet and simultaneously meet protein
recommendations, with a plant-to-animal protein ratio of 3
x 1. However, they also had a lower calorie intake, which
can compromise sports performance; therefore, future research
should evaluate athletes’ diets in terms of sustainability and
sports performance.
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