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Abstract
Background: This study investigates food preferences among individuals active in different sports. Since
food intake affects the carbon footprint, it is of interest to investigate in�uencing factors of food choices
regarding sustainability. Physically active individuals are in need for high intakes of energy and protein in
order to maintain their performance. Little is known about what in�uence food choices in this population.

Method: A survey of a sample of 367 individuals was conducted in German and Swedish gyms, climbing
halls and CrossFit boxes. Therefore, a questionnaire was developed to capture information about factors
in�uencing food choice and consumed protein sources. Kruskal-Wallis-test tested signi�cant differences
between sport groups and physical activity levels.

Results: The most frequently consumed animal-based protein were dairy-products, and the most
frequently used plant-based source were grains. Taste and health were the main in�uences on food
choices. Signi�cant differences were observed between sport groups and physical activity levels.
Sustainability was ranked as moderately important, with the highest importance in people active in the
outdoor sports running and climbing. Participants with high physical activity levels and active in CrossFit
rated performance more important than the rest of the sample and consumed protein supplements, eggs
and poultry more frequently.

Conclusion: Differences in food choices between various sports and physical activity levels were
identi�ed. Understanding the underlying in�uences on food choices might help to motivate a shift
towards a more sustainable diet in athletes.

Introduction
Food choices among consumers have an impact on the total climate carbon footprint from food
consumption. Estimates indicate that food chains, including food production, -distribution, and -
consumption, contribute with 25% up to 30% of global greenhouse-gas emissions (GHGE)(1)(1,2). A
change in dietary habits as a reduction of animal-based foods and an increase of plant-based foods is
often considered one of the most effective strategies for systematically reducing GHGEs related to food
production and consumption (3).

Regarding macronutrients, animal products are often consumed due to their high protein content. It is
assumed that athletes and physically active individuals are one target group in need of a higher quantity
of protein than non-active, sedentary individuals (4). Physically active individuals can �nd speci�c protein
recommendations, varying from 1.4 to 2.0 g of protein per kg of bodyweight per day, to optimize exercise
training induced metabolic adaptations, e.g., building and maintaining muscle mass (5,6).

Since food choices have an impact on GHGE and the choice of different protein sources leads to a
different impact on the carbon footprint, it is of interest what in�uences the food choices of individuals
regarding sustainability. Former studies identi�ed performance related motives as the most important
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in�uence on food choices in athletes (7–10). Performance was most of the time interrelated with food
that promotes health (8,10). Nevertheless, literature addressing sustainability as a potential underlying
motive for food choices in physically active individuals is lacking. This study wants to explore, if
sustainability is an in�uencing factor on food choices. What kind of protein sources are consumed in
physically active individuals and in which amounts? Another aspect of interest is identifying possible
distinctions in food choices between different types of sport and physical activity levels.

Materials And Methods

2.1 Design and procedure
To survey a more speci�c target group, this study included physically active individuals between 18 and
40 years old. Data was collected in Germany and Sweden in February 2020. Since differences in food
choices between a variety of types of sports was one point of interest, data collection took place at
different sport facilities. The authors chose Climbing and CrossFit facilities to be able to compare
outdoor sports with a sport characterized by high intensity strength training, which often aims for an
increase in muscle mass. Therefore, climbing halls and CrossFit-boxes were selected as recruitment
settings. The questionnaires were furthermore handed out at Gym training centres to target a broader
range of physically active people. The questionnaires were handed out personally by the author.

Participants were selected and addressed in the entrance and resting area of each facility. In addition,
CrossFit- and Climbing groups were invited to �ll in an online survey through the trainers of those groups.
The online survey, containing the same questions as in paper form, was conducted via an online survey
platform (www.soscisurvey.de). The study followed ethical rules and when invited, the participants were
informed about the purpose of the study, that participation was optional and that the collected data was
anonymous.

2.2 Study population
In total, 380 surveys, paper or online, were �lled out. In Germany, 215 questionnaires (136 online surveys,
79 printed questionnaires) and 165 in Sweden (51 via online survey, 114 printed) were answered. From
478 clicks on the link, 184 online surveys were �lled out completely (38%). Only individuals who did not
�ll out the paper form were asked to take the online survey. In the printed form, all 193 handed out
questionnaires were �lled out, resulting in a total response rate of 56.6%. 13 cases of individuals older
than 40 years were excluded. In the end, data from 367 different surveys were used for the statistical
analysis. A summary is shown in the �ow-diagram in Fig. 1. 55.3% (n = 203) participants were currently
living in Germany, 44.7% (n = 164) in Sweden. The study population consisted of 48% (n = 176) female
and 52% (n = 191) male participants. The participants’ age range was between 18 and 40 years with a
mean value of 28.3 years. A summary of sociodemographic data of the participants is shown in Table 1.

http://www.soscisurvey.de/


Page 4/22

Table 1
Characteristics of the participants (n = amount of data

used for analysis).
Socio-demographics Mean (SD) [range]

Age in years 28.3 (± 4.6) [18–40]

Bodyweight in kg 70.4 (± 12.1) [46–110]

Body height in cm 174.6 (± 9.4) [146–201]

BMI

Females

Males

22.97 (± 2.62)

22.03 (± 2.57)

23.83 (± 2.37)

[17.01–31.46]

[17.01–31.46]

[17.34–30.47]

  n (%)  

Gender    

Female 176 (48)  

Male 191 (52)  

Country    

Germany 203 (55.3)  

Sweden 164 (44.7)  

2.3 Questionnaire
For the assessment of in�uences on food choices and for getting additional information about
consumed protein sources, a questionnaire was developed based on the Food Choice Questionnaire (FCQ,
Steptoe et al., (1995)) and the Athlete Food Choice Questionnaire implemented 2019 by Thurecht & Pelly
(2019). From these questionnaires, only speci�c items were chosen. The questionnaire contained 26
different items that were segmented in 12 different dimensions. The following dimensions were included:
sustainability, performance, price, convenience, familiarity, availability, weight control, in�uence of others,
natural content, health, nutritional attributes and sensory appeal. To depict the dimension of
sustainability in more depth, this factor includes besides the items of environmentally friendly packaging
and label of country of origin additionally the items of organic food, sustainable production and comes
from nearby regions. The participants were able to choose their tendencies on each item on a four-point
Likert scale, namely from not important at all, little important, moderately important and very important.
In total, the questionnaire consisted of 16 questions and was developed in English. In addition to the
factors that in�uence the choice of food, the questionnaire included the frequency of consuming different
protein sources. Demographic questions included age, gender, country, highest level of education and
what kind of physical activity the person was most active in. The face validity of this conducted
questionnaire was internally tested and evaluated beforehand by 15 people.
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2.4 Data Processing and Statistical Analysis
The response options to the questions of the �lled-out questionnaires and the online survey were coded in
numerical values (1–4 for the dimensions of importance of FCQ-items, 1–6 for frequency of consumed
protein sources) to be able to calculate and compare the values of each sample with another. Descriptive
statistics included frequencies and percentages for categorical variables, mean and standard deviation
for continuous variables. As central tendency for non-continuous variables, the median was calculated.
Normal distribution of the data was tested by the Kolmogorov-Smirnov-test and Shapiro-Wilk-test. For
further analysis, non-parametric tests for not normally distributed and ordinal data were used. The Mann-
Whitney u-test for comparing two mean ranks of variables was conducted to identify differences in
distributions of the two samples. In this case, protein sources and FCQ-items between Germany and
Sweden were tested. In order to test for differences in the distributions with more than two variables, the
Kruskal Wallis test was carried out. For a pairwise comparison, the Dunn Bonferroni post-hoc test was
applied. The Kruskal Wallis test, which calculates with mean ranks of variables, was conducted to
compare the in�uences on food choices and consumed protein sources in different sports and different
physical activity levels. The threshold of statistical signi�cance was set to a p-level of 0.05. Analysis was
conducted with IBM SPSS Statistics 26.0 (IBM Inc., Armonk, NY, USA, 2019).

Results
The most often mentioned sports in the answers of the questionnaire were Climbing 37.3% (n = 137),
CrossFit 22.9% (n = 84), Gym training 16.9% (n = 62) and Running 12.5% (n = 46). The largest percentage
of the study population were physically active on a vigorous level of 3–5 hours per week 25.9% (n = 95).
Most important ranked were the items of keeps me healthy where 53.7% ranked as very important, only
2.2% as not important at all, and tastes good where 62.1% ranked as very important, 0.5% ranked as not
important at all, Table 2.
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Table 2
Frequencies of the ranking of the FCQ-items related to Sustainability, Performance and Health. N = 367
FCQ- items Very

important

% (n)

Moderately

important

% (n)

A little
important

% (n)

Not important
at all

% (n)

Sustainability        

Has the country of origin clearly
labelled

24.3 (89) 32.4 (119) 28.3 (104) 15.0 (55)

Comes from nearby regions 22.6 (83) 45.8 (168) 26.2 (96) 5.4 (20)

Is packaged in an environmentally
friendly way

22.6 (83) 42.8 (157) 26.7 (98) 7.9 (29)

Is sustainably produced 21.8 (80) 41.7 (153) 32.4 (119) 4.1 (15)

Is organic 18.8 (69) 38.4 (141) 32.4 (119) 10.4 (38)

Performance        

Fuels my body for training 34.1 (125) 34.6 (127) 19.6 (72) 11.7 (43)

Makes me feel energetic for
training/competition

27.5 (101) 38.7 (142) 23.7 (87) 10.1 (37)

Helps my body with recovery after
training

27.5 (101) 33.0 (121) 23.4 (86) 16.1 (59)

Is high in protein 7.1 (26) 35.1 (129) 36.2 (133) 21.5 (79)

Health        

Keeps me healthy 53.7 (197) 38.1 (140) 6.0 (22) 2.2 (8)

Contains natural ingredients 42.5 (156) 40.6 (149) 14.4 (53) 2.5 (9)

A third, 31% (n = 114) of the total sample ranked the items related to sustainability (Is packaged in an
environmentally friendly way, comes from nearby regions, is organic, is sustainably produced, has the
country of origin clearly labelled) moderately important or very important. Also, a third, 32% (n = 119) of
the total sample ranked all items in the performance factor (Is high in protein, fuels my body for training,
makes me feel energetic for training/competition and helps my body with recovery) as one of the two
highest rankings of importance, namely either moderately important or very important. Besides the
frequencies and percentages of each item ranking of the total sample, the rankings of the individual
sports were also one aspect of interest. Regarding sustainability, the highest percentages in one sport
group were 41.3% (n = 19) in people active in Running and 37.2% (n = 51) in Climbing. Those performing
CrossFit had the least percentages in sustainability section, 21.4% (n = 18). In addition, 71.4% (n = 60) of
people active in CrossFit ranked all items in performance either moderately important or very important.
People active in CrossFit ranked all of the four items more important than people active in other types of
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sports. In the group of Climbers, the higher importance ranking of performance was 22.6% (n = 31).
Difference in rankings of the FCQ-items related to sustainability between the different types of sports are
shown in Fig. 2. The ranking of items relating to performance in different sports are presented in Fig. 3.
The signi�cance levels of group comparison between CrossFit and other sports are shown in Table 3.

Concerning the factor of sustainability, the Kruskal-Wallis-test identi�ed signi�cant differences in the
mean ranks between the different sports. People active in Running had the highest mean ranks for
sustainability while active in CrossFit had the lowest. All four items for the factor of performance showed
distribution differences between different sports (p < 0.001). The post-hoc analysis with pairwise
comparison identi�ed people active in CrossFit having the highest mean ranks. Table 3 outlines the test
results for every item of the FCQ.

Comparing the results of the test to the frequencies of the FCQ items among the different sports (Figs. 2
and 3), items related to performance were ranked more important in people active in CrossFit compared
to the other sports.
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Table 3
Comparison of main sports and ranking of Food Choice Questionnaire items.

Food Choice Questionnaire items Kruskal-
Wallis H

Asymp.
Sign.

Post-hoc analysis* p-value 
≤ 0.05

Sustainability      

Is packaged in an environmentally
friendly way

12.859 .012 CrossFit vs. Running .017

Comes from nearby regions 12.228 .016 CrossFit vs. Running .009

Is sustainably produced 10.667 .031 CrossFit vs. Running .020

Performance      

Is high in protein 73.671 < .001 CrossFit vs. Other < .001

CrossFit vs. Running < .001

CrossFit vs. Climbing < .001

CrossFit vs. Gym training 
< .001

Fuels my body for training 54.201 < .001 CrossFit vs. Other < .001

CrossFit vs. Running < .001

CrossFit vs. Climbing < .001

Makes me feel energetic for
training /competition

34.309 < .001 CrossFit vs. Gym training
.007

CrossFit vs. Other < .001

CrossFit vs. Running < .001

CrossFit vs. Climbing < .001

Helps my body with recovery 44.848 < .001 CrossFit vs. Other < .001

CrossFit vs. Running < .001

CrossFit vs. Climbing < .001

Helps me control my weight 24.388 < .001 CrossFit vs. Climbing < .001

Is similar to what other people in my
sport eat

16.085 .003 CrossFit vs. Running .027

CrossFit vs. Climbing .002

Health      

Keeps me healthy 13.442 .009 CrossFit vs. Climbing .008

* For every item showing signi�cant overall-difference in the Kruskal-Wallis test, Dunn-Bonferroni post-
hoc analysis was performed. Degrees of freedom: 4.
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Choices of Protein sources

The most frequent protein sources that were consumed on a daily basis were grains (34.6%) and dairy
products (32.2%). Grains had the highest median of 5–6 times per week, dairy products and nuts/seeds
were following with the median of 3–4 times per week. The frequency of consumption of meat was
overall relatively low. Of the total sample 31.9% never consumed red meat while 30% never consumed
poultry. The highest frequency for �sh and seafood was less than once a week with 39%. A less common
use of protein sources in form of powder, supplements and bars in comparison to the other sources is
demonstrated in Fig. 4 (c).

In the next step, the frequencies of the total sample (N = 367), people who ranked the importance of
sustainability items high (n = 114) and people who ranked the importance of performance items high (n = 
119) were compared. Poultry (χ2 = 24.057, p < 0.001) was more often consumed in the group who ranked
performance as an important in�uence factor of their food choices than in people who ranked
sustainability as important. Some plant-based protein sources were consumed very frequently. Especially
grains were consumed the most on a daily basis, followed by nuts and seeds (17%). Least often
consumed was tofu.

Overall, consumption of protein supplements was low compared to the other protein sources, with a
median less than once a week. The most frequent used source of protein supplements were protein bars,
the highest in the performance group. The largest difference between the performance and sustainability
group was in the consumption of whey protein powder (χ2 = 29.153, p < 0.001). While 74.6% of the
sustainability group never used whey powder, only 39.5% never used it in the performance group. Almost
17% of the performance group consumed whey protein powder daily. In the Appendix the frequencies of
the consumption of different protein sources can be found (Appendix, Figure A.1–3).

In terms of different preferences in protein sources among different types of sports, some distinctions
were observed in all three main protein groups, animal-based, plant-based sources and protein
supplements. A total of 37% of people active in Climbing never consumed poultry compared to 21% of
people active in CrossFit. The overall consumption of poultry and especially eggs were more frequent in
people active in CrossFit in comparison to the other types of sport. Over 22% of the CrossFit-group
consumed eggs daily. The daily consumption of dairy products was in all groups the highest source of
animal-based protein. Figure 4 (a) gives an overview of the consumption of all animal-based protein
sources. Signi�cance levels can be found in Table 4.

The differences in plant-based protein sources were small between sport groups. Grains and nuts/seeds
were consumed very frequently with the highest percentage of daily consumption. Figure 4 (b) presents
all the frequencies of plant-based protein sources in between sport groups.

Even though protein supplements were the least frequent consumed protein sources, there were some
group speci�c variations identi�ed. Figure 4 (c) depicts those group speci�c differences. Protein bars
were the most frequent used supplement overall. The consumption of protein bars was the highest within
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the group of CrossFit. The largest group differences were identi�ed in whey protein powder. Over 70% of
all people active in CrossFit consumed whey protein powder at any frequency, almost 24% daily, whereas
in all other sport groups at least 66% never consumed whey protein powder at all.

Regarding the differences in choice of protein sources among active in different sports, the Kruskal-Wallis
test also showed the most signi�cant differences in CrossFit in relation to the other sports. The protein
sources that showed a high relationship were eggs, whey protein powder, protein bars and other protein
supplements each with an asymptotic signi�cance level of < .001. Every protein source is shown in more
detail in Table 4.

Table 4. Comparison of main sports and frequency of consumed Protein sources.

Protein sources Kruskal-Wallis H Asymp. 
 Sig.

 Post-hoc analysis* 
 p-value ≤ 0.05

Animal-based protein      

Poultry 21.296 <.001 CrossFit vs. Running 0.33
CrossFit vs. Climbing <.001

Eggs 27.752 <.001 CrossFit vs. Gym training .044
CrossFit vs. Climbing <.001
CrossFit vs. Running <.001

Fish /seafood 14.671 .005 CrossFit vs. Climbing .004

Protein supplements      

Protein powder (whey) 94.024 <.001 CrossFit vs. Gym training <.001
CrossFit vs. Running <.001
CrossFit vs. Climbing <.001
CrossFit vs. other <.001

Protein bars 36.411 <.001 CrossFit vs. Climbing <.001
CrossFit vs. Gym training .002
CrossFit vs. Running <.001
CrossFit vs. other <.001

Other protein supplements 28.630 <.001 CrossFit vs. Gym training .006
CrossFit vs. Climbing <.001
CrossFit vs. other .005
CrossFit vs. Running .001 

*For every item showing signi�cant overall difference in the Kruskal-Wallis test, Dunn-Bonferroni post-
hoc analysis was performed. Degrees of freedom: 6.

Concerning the level of physical activity, there were some signi�cant differences in the frequency of
consuming speci�c protein sources as well. The participants with higher physical activity levels
consumed eggs (p < .001), whey protein powder (p < .001), protein bars (p < .001) and other protein
supplements (p = .012) more frequently than the participants with lower physical activity levels (0–3
hours per week). The persons with the highest physical activity levels were active in CrossFit (26% 6–7



Page 11/22

hours per week, 32% > 7 hours per week) and Climbing (15% 5–7 hours per week, 28.5% > 7 hours per
week. The test �ndings are summarized in the Appendix (Table A.1).

Additionally, the in�uences of food choices regarding performance (p < .001), protein content (p < .001)
and the similarity to what other people in the same sport are eating (p = .013) showed a statistically
signi�cant difference at p < 0.05 between the groups with lower and higher physical activity levels. There
were no signi�cant differences regarding the importance of sustainability in samples with different
physical activity levels. These �ndings are summarized in the Appendix (Table A.2).

The sport group of Running ranked the items related to sustainability higher in importance (Fig. 2), and
74% of all Runners were living in Germany. Nevertheless, the overall distribution of all �ve sustainability
items were nearly the same in both countries. Of the German sample 30.5% and 31.7% of the Swedish
sample ranked all sustainability items as moderately or very important (Appendix, Table A.3).

Discussion
This study shows that sustainability was ranked in average moderately important in the overall sample,
while taste and healthy food were ranked the most important in�uence factors on food choices.
Participants active in CrossFit or with higher physical activity level ranked performance related items the
most important in�uence on their food choices. On the other hand, importance of sustainability related
items was ranked the highest among participants active in Running.

In a previous study, sustainability was ranked less important while our participants ranked it moderately
important (13). Therefore, it is important to note that participants active in Running, and followed by
Climbing, ranked items in the current study related to sustainability most important. Running and
Climbing are both outdoor sports, which raises the question if there is some connection between
environmental awareness and outdoor sports. There is a range of studies that examined the effects of
outdoor activities and teachings on environmental awareness (14,15), but less attention is addressed to
associations between outdoor sports and attitudes towards nature and environment (16). Beery
demonstrated 2013 that “friluftsliv” (outdoor life), de�ned as nature-based outdoor recreation, was
positively related to environmental connectedness (14). In an exploratory study of extreme outdoor sport
athletes from MacIntyre et al. from 2019, the connection with nature and in�uence on pro-environmental
behaviour was examined. The authors concluded that engaging with nature can have an impact in
individuals’ environmental concern (17). One important underlying motive for being physically active in
nature is the opportunity to experience nature (18). This connectedness to nature can effectively
contribute to environmental management goals (19). Being so close to nature brings people also closer to
experience the consequences of climate change. Cunningham et al. explored that physically active people
experience the consequences of climate change and therefore believe that climate change personally
affects them (16). However, these �ndings did not include any pro-environmental behaviour related to
nutrition or food choices.

Taste and health
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As mentioned above, the items of taste and health were the most important underlying motives on food
choices in the current study. This con�rms the same �ndings of other studies identifying health and
sensory appeal of the food, including taste, as one of the most important in�uencing factors when it
comes to food choices (13,20–22). As health aspects of physical activity can be one underlying
motivation for participation in sports (7), the choice of health promoting food can be another supportive
factor for achieving a healthier lifestyle. A healthy diet is also an important aspect in athletes. Especially
important is consuming food that helps preventing reduction of immune function following intensive
training (6). These aspects could in�uence the importance of health in food choices.

Differences between sports

Another research question of this study was, if in�uences on food choices and consumed protein sources
differed between sports. Focusing on the in�uences on food choices, participants with higher physical
activity levels and active in CrossFit ranked performance related items as important. Performance related
items were that the food consumed “is high in protein”, “fuels the body for training”, “makes me feel
energetic for training” and “helps my body with recovery”. To the knowledge of the authors, no former
studies have focused on food choices speci�cally in high- intensity strength training like CrossFit. Two
studies identi�ed in�uences on food choices in college football players (10) and hockey players (8). The
most important in�uences on food choices were performance, health and taste, which is consistent with
our �ndings. Performance and health were interrelated themes in both studies with football- and hockey
players, the participants described that without healthy, nutritious food, their performance in their sport
would be negatively affected (8,10). In concordance, participants active in CrossFit in our study, ranked
performance and health related items very important. In the group of football-players, the primary goal
was consuming high-protein foods (10), in the hockey group, foods that help them having high energy
levels and explosiveness in the training (8). Further, respondents active in CrossFit in the current study
likewise ranked high-protein foods and food that helps them to feel energetic in training very important. In
addition, Birkenhead and Slater described performance expectations as most important determinant on
the food choices of athletes, but emphasizes the in�uence of the competitive level, phase of season and
type of sport people are active in (7). The �ndings of Birkenhead and Slater are in line with our results, as
differences in physical activity levels and different types of sports showed distinctions in motives for
food choices.

Regarding proteins, grains were the most frequent consumed protein source in the total sample of this
study. Grains are one major source of dietary protein intake globally and wheat represents the biggest
group of plant-based protein source in the Western diet, most commonly in the form of bread (23,24). The
most frequent used animal-based protein sources in all different sports in this study were dairy products.
At least 20% of participants active in each sport group consumed dairy products daily. These �ndings are
in line with Gillen et al., who identi�ed bread as the most frequent consumed plant-based protein source
and dairy products as second largest animal-based protein sources in a sample of athletes (25). Dairy
proteins in general are a high-quality dietary protein source due to their high content of leucine (5). This
characteristic could be a contributing factor explaining the frequent consumption of dairy products. The
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Swedish Food Agency (Livsmedelsverket) as well as the German Nutrition Society (Deutsche Gesellschaft
für Ernährung) recommend consuming dairy products daily (26,27). The amount of dairy products
consumed daily (e.g., in millilitre or gram) of the participants in this study is not clear. Therefore, it is not
comprehensible, if it is a higher amount than recommended in the national and international guidelines.

Even though overall meat consumption was less frequent, participants active in CrossFit and having
higher physical activity levels consumed poultry and eggs signi�cantly more frequently compared to
other sports and lower physical activity levels. Literature describes both protein sources as eligible for
physically active individuals (6). There are some former �ndings that con�rm poultry being a frequently
used protein source in athletes (10,25).

Regarding protein supplementation, participants with higher physical activity levels and active in CrossFit
used protein supplements most frequent. These results are consistent with the �ndings of Gillen et al.
who explored protein supplementation in different kind of sports. They came to the conclusion that the
prevalence of protein supplementation was the highest in people active in strength training compared to
team-sport and endurance-sport (25). In our �ndings, whey protein powder was used in 70% of all
respondents active in CrossFit when all frequencies were included. Whey proteins are the most
extensively researched for pre/post resistance exercise supplementation (6) and is a common choice
among physically active individuals. Reasons for that could be the high leucine content, rapid
digestibility, and ability to maximally stimulate muscle protein synthesis (28). The consumption of plant-
based protein powder was less frequent than whey protein powder. Plant-based protein supplements
however could be an important source for a shift to a more sustainable diet in physically active
individuals.

Soy is the most researched plant-based source of protein (6). In a meta-analysis from 2018, Messina et
al. compared the results of nine studies addressing the effect of soy protein on strength and lean body
mass in comparison to animal-based proteins. The authors came to the conclusion that supplementation
with soy has similar effects on gaining strength and lean body mass as whey protein with no signi�cant
difference between both groups (29). There are other plant-based protein sources besides soy, e.g., pea,
rice and hemp. Research that examines the ability of those sources to modulate exercise performance
and training adaptations is limited at this time (6). Rice protein promoted in some studies resistance
training adaptations (30,31), which were similar to whey protein. Babault et al., 2015 examined the
outcome of oral pea protein supplementation on biceps brachii muscle thickness and strength in
comparison to whey protein and a placebo-control group. Their �ndings suggest that pea protein
supplementation showed a signi�cantly greater effect on muscle thickness than the placebo and similar
to whey protein (32). Banaszek et al. conducted a pilot study about the effects of pea protein powder in
people active in high-intensity functional training. Their �ndings suggested that whey and pea protein
powder promote similar strength, performance, body composition, and muscular adaptations following
eight weeks of training (28). Scienti�c data about the in�uence of a plant-based diet on physical
performance is limited. This is a growing area of research interest and important for a more sustainable
intake among athletes.
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An important strength of this study is that it combines a diverse sample of physically active people.
Different physical activity levels and types of sports, including indoor-and outdoor sports as well as
endurance and strength sport, make it possible to compare motives and actions concerning food choices
among those groups. This can give some impact for further studies examining speci�c groups more
detailed. The fact that one of the authors personally supervised the participants while conducting made it
possible giving answers and help if there were any raising questions or di�culties with understanding the
survey. By inspecting underlying food choice motives and additionally consumed protein sources, a
comparison between inner attitudes and actual behaviours and actions of the participants can be made.
Therefore, either a discrepancy or an accordance between the underlying motives of food choices and the
actual consumed protein sources could be an area of interest in additional research.

The original four-point Likert scale of the Food Choice Questionnaire (11) was used (dimensions of not
important, a little important, moderately important and very important). This can be considered to more or
less to force the participants to be more radical in their choice, but the choice of removing the neutral
option is intentional as this often becomes the easier answer. In a larger sample, a nine-point scale as
suggested as by Cunha et al. in their systematic review from 2018 could be advantageous. Nine
dimensions in the FCQ could provide a �ner discrimination and therefore avoid extreme responses and
reduce response bias (33). The choice of the four-point Likert scale was made after searching the
literature in our �eld and to be able to make our study comparable with other studies on food choices.

Since only some items from the FCQ and AFCQ were adopted, it would be important to carry out an
exploratory factor analysis in order to identify potential new underlying factors. Cunha et al. state in their
systematic review, that it would be important for future research to use one version of the FCQ that can be
applied in several studies (33). Otherwise, a comparison of results is challenging.

The assessment of the physical activity level was very di�cult for some subjects of the sample.
Depending on the level of �tness, interpretation of when a vigorous physical activity begins differed. The
classi�cation of the physical activity level was roughly based on the International Physical Activity
Questionnaire (9). Even though the IPAQ is the most widely used physical activity questionnaire (34), it
has its limitations. The short version (IPAQ-SF) can overestimate physical activity in a high average.
Correlations between the score of the IPAQ-SF and objective measures of activity was in the most studies
lower than the acceptable standard (35).

The hours of physical activity are also dependent on the type of sport. Although climbing usually takes
more hours per training session than a CrossFit session, this does not mean that the level of training
intensity can be measured and compared with each other. For further research, it may be more helpful to
ask about the number of training sessions within a sports group.

Another aspect that shows some limitations is the frequencies of protein sources being asked in the
questionnaire. There were possibilities that the answer could be interpreted as “times per week” or as
“portions per week” which could mean different results. But as this study does not focus on absolute
intake, the accuracy is regarded to be su�cient.
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A future shift to more sustainable diets and reduced carbon footprint from foods in all groups in the
society, also physically active individuals, is required. Large groups with high physical activity and
athletes will only comply if this can be achieved without negative impact on performance and health.
Therefore, future studies addressing underlying motives for food choices and effect of plant-based
protein sources on physical performance would be helpful.

Besides studies investigating the effects of plant-based protein on physical performance, qualitative
approaches would be bene�cial to gain insights of the willingness and motivation of athletes consuming
plant-based protein sources.

Conclusions
The data of this study indicates that there are distinctions between different types of sports as well as
physical activity levels related to food choices and frequency of consumed protein sources. Getting more
insights about underlying motives, especially the attitude towards sustainability of food choices in
athletes, is important. The broad �ndings of this study show that the participants’ in�uences on food
choices and actual consumption of protein sources differ between different types of sport and physical
activity levels. In order to reach the goal to decrease the food consumptions’ climate impact overall it is
important to include groups with high physical activity since they generally have higher energy
expenditure. That together with high protein consumption thereby contribute to a higher carbon footprint
than the general population. Thus, changes in this group could have a major impact on sustainability
aspects.

Declarations
Ethics approval and consent to participate

The study followed ethical rules and when invited, the participants were informed about the purpose of
the study, that participation was optional and that the collected data was anonymous. 

Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare no con�ict of interest.



Page 16/22

Funding

This research received no external funding.

Authors' contributions

Cosima Nuszbaum: Conceptualization, Formal analysis, Writing -original draft, Visualization, Writing -
review & editing. Mari Wollmar: Conceptualization, Writing - review & editing. Agneta Sjöberg:
Conceptualization, Writing - review & editing.

Acknowledgements

Not applicable

References
1. Vermeulen SJ, Campbell BM, Ingram JSI. Climate Change and Food Systems. Annu Rev Environ Resour
[Internet]. 2012 Dec 21;37(1):195–222. Available from: https://doi.org/10.1146/annurev-environ-020411-
130608

2. Sjörs C, Raposo SE, Sjölander A, Bälter O, Hedenus F, Bälter K. Diet-related greenhouse gas emissions
assessed by a food frequency questionnaire and validated using 7-day weighed food records. Environ
Heal [Internet]. 2016;15(1):15. Available from: https://doi.org/10.1186/s12940-016-0110-7

3. Machovina B, Feeley KJ, Ripple WJ. Biodiversity conservation: The key is reducing meat consumption.
Sci Total Environ [Internet]. 2015;536:419–31. Available from:
http://www.sciencedirect.com/science/article/pii/S0048969715303697

4. Fuhrman J, Ferreri DM. Fueling the vegetarian (vegan) athlete. Curr Sports Med Rep. 2010;9(4):233–41.

5. Thomas DT, Erdman KA, Burke LM. Position of the Academy of Nutrition and Dietetics, Dietitians of
Canada, and the American College of Sports Medicine: Nutrition and Athletic Performance. J Acad Nutr
Diet [Internet]. 2016;116(3):501–28. Available from:
http://www.sciencedirect.com/science/article/pii/S221226721501802X

6. Jäger R, Kerksick CM, Campbell BI, Cribb PJ, Wells SD, Skwiat TM, et al. International Society of Sports
Nutrition Position Stand: protein and exercise. J Int Soc Sports Nutr [Internet]. 2017;14(1):20. Available
from: https://doi.org/10.1186/s12970-017-0177-8

7. Birkenhead KL, Slater G. A Review of Factors In�uencing Athletes’ Food Choices. Sports Med.
2015;45(11):1511–22.

8. Smart LR, Bisogni CA. Personal food systems of male college hockey players. Appetite. 2001;37(1):57–
70.



Page 17/22

9. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical
activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

10. Long D, Perry C, Unruh SA, Lewis N, Stanek-Krogstrand K. Personal food systems of male collegiate
football players: a grounded theory investigation. J Athl Train [Internet]. 2011;46(6):688–95. Available
from: https://pubmed.ncbi.nlm.nih.gov/22488196

11. Steptoe A, Pollard TM, Wardle J. Development of a measure of the motives underlying the selection of
food: the food choice questionnaire. Appetite. 1995;25(3):267–84.

12. Thurecht RL, Pelly FE. Development of a New Tool for Managing Performance Nutrition: The Athlete
Food Choice Questionnaire. Int J Sport Nutr Exerc Metab [Internet]. 2019;29(6):620–7. Available from:
https://journals.humankinetics.com/view/journals/ijsnem/29/6/article-p620.xml

13. Januszewska R, Pieniak Z, Verbeke W. Food choice questionnaire revisited in four countries. Does it
still measure the same? Appetite [Internet]. 2011;57(1):94–8. Available from:
http://www.sciencedirect.com/science/article/pii/S0195666311001188

14. Beery TH. Nordic in nature: friluftsliv and environmental connectedness. Environ Educ Res [Internet].
2013;19(1):94–117. Available from: https://doi.org/10.1080/13504622.2012.688799

15. Palmberg IE, Kuru J. Outdoor Activities as a Basis for Environmental Responsibility. J Environ Educ
[Internet]. 2000;31(4):32–6. Available from: https://doi.org/10.1080/00958960009598649

16. Cunningham G, McCullough BP, Hohensee S. Physical activity and climate change attitudes. Clim
Change [Internet]. 2020;159(1):61–74. Available from: https://doi.org/10.1007/s10584-019-02635-y

17. MacIntyre TE, Walkin AM, Beckmann J, Calogiuri G, Gritzka S, Oliver G, et al. An Exploratory Study of
Extreme Sport Athletes’ Nature Interactions: From Well-Being to Pro-environmental Behavior. Front
Psychol [Internet]. 2019;10:1233. Available from:
https://www.frontiersin.org/article/10.3389/fpsyg.2019.01233

18. Calogiuri G, Elliott LR. Why Do People Exercise in Natural Environments? Norwegian Adults’ Motives
for Nature-, Gym-, and Sports-Based Exercise. Int J Environ Res Public Health. 2017;14(4).

19. Restall B, Conrad E. A literature review of connectedness to nature and its potential for environmental
management. J Environ Manage [Internet]. 2015;159:264–78. Available from:
http://www.sciencedirect.com/science/article/pii/S0301479715300748

20. Sautron V, Péneau S, Camilleri GM, Muller L, Ru�eux B, Hercberg S, et al. Validity of a questionnaire
measuring motives for choosing foods including sustainable concerns. Appetite. 2015;87:90–7.

21. Fotopoulos C, Krystallis A, Vassallo M, Pagiaslis A. Food Choice Questionnaire (FCQ) revisited.
Suggestions for the development of an enhanced general food motivation model. Appetite.



Page 18/22

2009;52(1):199–208.

22. Eertmans A, Baeyens F, Van den Bergh O. Food likes and their relative importance in human eating
behavior: review and preliminary suggestions for health promotion. Health Educ Res. 2001;16(4):443–56.

23. van der Spiegel M, Noordam MY, van der Fels-Klerx HJ. Safety of Novel Protein Sources (Insects,
Microalgae, Seaweed, Duckweed, and Rapeseed) and Legislative Aspects for Their Application in Food
and Feed Production. Compr Rev Food Sci Food Saf [Internet]. 2013 Dec 21;12(6):662–78. Available
from: https://doi.org/10.1111/1541-4337.12032

24. Henchion M, Hayes M, Mullen AM, Fenelon M, Tiwari B. Future Protein Supply and Demand:
Strategies and Factors In�uencing a Sustainable Equilibrium. Foods (Basel, Switzerland). 2017;6(7).

25. Gillen JB, Trommelen J, Wardenaar FC, Brinkmans NYJ, Versteegen JJ, Jonvik KL, et al. Dietary
Protein Intake and Distribution Patterns of Well-Trained Dutch Athletes. Int J Sport Nutr Exerc Metab.
2017;27(2):105–14.

26. Deutsche Gesellschaft für Ernährung [Internet]. 10 Guidelinens of German Nutrition Society (DGE) for
a wholesome diet. 2020. Available from: https://www.dge.de/ernaehrungspraxis/vollwertige-
ernaehrung/10-regeln-der-dge/10-guidelines-of-the-german-nutrition-society/?L=0

27. Livsmedelsverket [Internet]. 2020. Available from: https://www.livsmedelsverket.se/en/food-habits-
health-and-environment/dietary-guidelines/adults/dairy-products-advice

28. Banaszek A, Townsend JR, Bender D, Vantrease WC, Marshall AC, Johnson KD. The Effects of Whey
vs. Pea Protein on Physical Adaptations Following 8-Weeks of High-Intensity Functional Training (HIFT):
A Pilot Study. Sport (Basel, Switzerland). 2019;7(1).

29. Messina M, Lynch H, Dickinson JM, Reed KE. No Difference Between the Effects of Supplementing
With Soy Protein Versus Animal Protein on Gains in Muscle Mass and Strength in Response to
Resistance Exercise. Int J Sport Nutr Exerc Metab. 2018;28(6):674–85.

30. Joy JM, Lowery RP, Wilson JM, Purpura M, De Souza EO, Wilson SMC, et al. The effects of 8 weeks of
whey or rice protein supplementation on body composition and exercise performance. Nutr J [Internet].
2013;12(1):86. Available from: https://doi.org/10.1186/1475-2891-12-86

31. Purpura M, Lowery RP, Joy J, Eo DS, Kalman D, Jäger R, et al. A Comparison of Blood Amino Acid
Concentrations Following Ingestion of Rice and Whey Protein Isolate A Double-Blind Crossover Study. In
2014.

32. Babault N, Païzis C, Deley G, Guérin-Deremaux L, Saniez M-H, Lefranc-Millot C, et al. Pea proteins oral
supplementation promotes muscle thickness gains during resistance training: a double-blind,
randomized, Placebo-controlled clinical trial vs. Whey protein. J Int Soc Sports Nutr [Internet].
2015;12(1):3. Available from: https://doi.org/10.1186/s12970-014-0064-5



Page 19/22

33. Cunha LM, Cabral D, Moura AP, de Almeida MDV. Application of the Food Choice Questionnaire across
cultures: Systematic review of cross-cultural and single country studies. Food Qual Prefer [Internet].
2018;64:21–36. Available from: http://www.sciencedirect.com/science/article/pii/S0950329317302458

34. van Poppel M, Chinapaw M, Mokkink L, van Mechelen W, Terwee C. Physical Activity Questionnaires
for Adults. Sport Med [Internet]. 2010;40(7):565–600. Available from:
http://search.proquest.com/docview/375401836/

35. Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the International Physical Activity
Questionnaire Short Form (IPAQ-SF): a systematic review. Int J Behav Nutr Phys Act. 2011;8:115.

Figures

Figure 1

Flow-diagram of study participants.
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Figure 2

Ranking of importance of Food Choice Questionnaire-items relating to Sustainability between different
types of sports. Group frequencies were scaled to 100%. Different sample sizes of each group were:
CrossFit: n= 84, Climbing: n= 137, Gym training: n= 62, Running: n= 46, Other type of sport: n= 38.

Figure 3

Ranking of importance of Food Choice Questionnaire-items related to Performance between different
types of sports. Group frequencies were scaled to 100%. Different sample sizes of each group were:
CrossFit: n= 84, Climbing: n= 137, Gym training: n= 62, Running: n= 46, Other type of sport: n= 38.
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Figure 4

(a) shows the Frequencies of consumption of animal-based protein sources divided into types of sports,
Figure 4 (b) the Frequencies of consumption of plant-based protein sources and Figure 4 (c) the
Frequencies of consumption of protein supplements among different types of sport. Group frequencies
were scaled to 100%. Different sample sizes were: CrossFit: n= 84, Climbing: n= 137, Gym training: n= 62,



Page 22/22

Running: n= 46, Other type of sport: n= 38. The colour of frequencies can be found in the legend in Figure
4 (c).

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Appendix.docx

https://assets.researchsquare.com/files/rs-608825/v2/c52f65a544fe256d9ae32191.docx

