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Abstract: This research is a literature study that aims to explore the relationship 
between carbohydrate consumption and athlete performance and health, especially 
female athletes who run long distances. This study uses the method of literature 
study or literature review using secondary data from scientific journal articles. 
Article searches are conducted through various platforms such as Google Scholar, 
EBSCO, ScienceDirect, and Proquest using keywords related to carbohydrate 
consumption in female long-distance runners. The inclusion criterion for articles is 
that they must be scientific journal research articles conducted in the UK with the 
main subject female athletes long-distance runners and the topic relates to 
carbohydrates. Articles that meet these criteria are then further analyzed Through 
an analysis of 8 scientific journal articles, it was concluded that carbohydrate intake 
has a crucial role in improving athletes' performance and endurance, as well as 
preventing the risk of low energy availability that can have a negative impact on 
health. In addition, research also highlights the need for adjustments in 
carbohydrate intake based on environment and stress to maximize athletes' 
training and recovery abilities. These findings affirm the importance of designing 
a balanced diet of carbohydrates and protein to achieve the desired results in 
improving athlete performance and supporting healthy weight loss. This study 
provides a deep understanding of the importance of carbohydrate intake in 
supporting the performance and health of female long-distance runners, and 
emphasizes the need for more inclusive research to develop better nutritional 
interventions. 
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Introduction  

 
When a person begins an endurance training 

program, some of the fundamental adaptations that are 
considered most important in improving exercise 
performance consist of physiological, biochemical, and 
psychological changes (O’Connor et al., 2022). 
Physiological, biochemical and psychological changes 
are closely related to the correct eating habits of athletes 
in an effort to improve sports performance (Cadegiani & 
Kater, 2020; Longstrom et al., 2020; Martín-Rodríguez et 
al., 2024).  Performance (running distance) is positively 

correlated with energy intake and negatively with fluid 
intake, this means that as marathon runners energy 
needs before the race become important (Lavoué et al., 
2020). Athlete performance and training adaptation are 
closely related to adequate and periodic intake of energy 
and macronutrients (Phillips, 2012; Stellingwerff, 
Morton, et al., 2019). Carbohydrates (CHO) are the 
superior macronutrients that fuel high-intensity exercise 
and allow athletes to train and compete (Moore et al., 
2021). Long-distance running is one sport that requires 
extraordinary strength, endurance, and physical 
tenacity. For long-distance runners, both amateur and 
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professional, proper nutrition plays an important role in 
improving athletic performance and endurance 
(Grzebisz, 2020; Williamson, 2016). One important 
aspect of nutrition for long-distance runners is 
carbohydrate intake (Grzebisz, 2020; Williamson, 2016).  

Many studies have highlighted the effect of 
carbohydrate intake on the performance and fatigue 
level of distance runners (Bourdas et al., 2021; Cesanelli 
et al., 2021; Furber et al., 2021; Nielsen et al., 2020; 
Noakes, 2022). Consuming carbohydrates before, 
during, and after exercise can significantly affect athletic 
performance, especially in events lasting longer than 60 
minutes (Bonilla et al., 2021). However, often amateur 
runners fail to meet the recommended level of 
carbohydrate intake, which affects their performance 
results (Sampson et al., 2023). The majority of middle-
distance runners' workouts and races rely on providing 
energy derived from carbohydrates (Devrim-Lanpir et 
al., 2021). So to support the intensity of this exercise and 
competition, high carbohydrate intake must be a target.  

Proper nutrition is essential for long-distance 
runners, especially when it comes to carbohydrate 
intake, as carbohydrates are the main source of energy 
during intense and prolonged physical activity (Amawi 
et al., 2023; Hawley & Leckey, 2015; Stellingwerff, 
Bovim, et al., 2019). For example, in a case study 
illustrating nutrition practices in a race, A female runner 
successfully completed her first 100 km ultraendurance 
off-road event in 12 hours 48 minutes 55 seconds (N. 
Berger et al., 2020; N. J. A. Berger et al., 2024). By 
consuming optimal energy and fluids, this not only 
helps maintain performance levels, but also prevents 
fatigue and dehydration from occurring which can have 
a negative impact on runners' performance and health 
(Burke et al., 2019; Martínez-Sanz et al., 2020; 
Stellingwerff, Bovim, et al., 2019). 

Sometimes, meeting the energy needs of long-
distance runners can be challenging, but it is critical to 
support optimal performance and health during training 
and competition (Bargoria et al., 2020; Scheer et al., 
2022). It is important to understand and study more 
about carbohydrate intake in long-distance running. 
Current research needs to pay attention to aspects that 
are still underrepresented, such as the participation of 
women, adolescents, and older runners (Ammassari et 
al., 2023; Greenfield et al., 2021; Ward et al., 2023). Each 
of these groups has different physiological needs and 
responses to carbohydrate intake, which can affect their 
performance and recovery (Abreu et al., 2021; 
Fernandes, 2020; Nightingale et al., 2018). With a better 
understanding of how carbohydrates affect athletic 
performance and endurance in these various population 
groups, we can develop more targeted nutrition 
strategies. This will allow long-distance runners from all 
backgrounds to achieve peak performance and improve 

their overall health and endurance. Comprehensive, 
inclusive research will help create more effective 
nutrition guidelines, supporting all athletes to achieve 
their goals in long-distance running. 

In this paper, we will explore current research on 
the role of carbohydrates in long-distance runner 
performance, highlight key findings and identify areas 
where more research is still needed. In addition, we will 
also explore nutritional strategies that can help female 
runners improve endurance and achieve optimal results 
in long-distance running. Thus, this paper will provide 
a deeper insight into the importance of carbohydrate 
intake in achieving peak performance for long-distance 
runners, especially women. 

Therefore, the review article aims to provide 
information related to the potential of chemical 
compounds and pharmacological bioactivity found in 
cinnamon plants, so that it can be used as parameters for 
future researchers and the public, especially since a 
better understanding of the timing and optimal amount 
of carbohydrate consumption is essential for long-
distance runners, especially women, to improve their 
endurance and achieve peak performance levels. 

 

Method  
 

This research is library research, which is a series of 
studies related to library data collection methods, or 
research whose research objects are traced and explored 
through various literature information through (books, 
encyclopedias, scientific journals, newspapers, 
magazines, and documents (Arikunto, 2010).  Literature 
review or literature review is research that reviews and 
critically examines ideas, or findings contained in 
academically oriented literature and formulates 
theoretical and methodological contributions to certain 
topics. The data used in this study are secondary data.   

The strategy of searching for publication articles is 
carried out using keywords on various platforms such 
as Google Scholar, EBSCO, ScienceDirect, and Proquest, 
as well as access to other leading journal searches with 
selected keywords, namely: carbohydrate consumption 
in female athletes of long-distance runners. Articles or 
journals that fit these criteria will be taken for further 
analysis. This literature review uses literature sources 
that can be accessed in full PDF format and come from 
scientific journals (peer-reviewed journals). The criteria 
for the journal reviewed were research journal articles in 
the UK with the subject of long-distance female runners. 
The type of article searched is a research journal article, 
not a literature review, with the main theme about 
carbohydrates. Journals that meet these criteria will then 
be reviewed and analyzed to gain a deep understanding 
of the topic. 
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Result and Discussion 
 

In this literature review, there are 8 journal articles 
that will be analyzed further. These articles are grouped 
based on the scope of discussion so that articles are 

obtained that specifically discuss carbohydrate intake in 
female runners. This grouping aims to gain in-depth 
insights into the topic from various research 
perspectives. For more details can be seen in the Table 1  
 

 
Table 1.  Summary of data descriptions 
Author Heading Method Result 

(Kettunen et 
al. 2023) 

Nutritional intake and 
anthropometric 
characteristics are associated 
with endurance performance 
and markers of low energy 
availability in young female 
cross-country skiers. 

The study analyzed 23 young female 
athletes over one year. Participants 
recorded food and training logs, and 
used laboratory tests and the LEAF-
Q questionnaire to calculate energy 
availability and assess LEA risk. 

Energy and carbohydrate intake 
were below recommendations, 
protein and fat intake were 
adequate. Body mass, height, BMI, 
FFM, and FM increased, while 
relative VO2max decreased. Higher 
training volume improved 
performance measures. 

(Podlogar 
and Wallis 
2022) 

New Horizons in 
Carbohydrate Research and 
Application 
for Endurance Athletes. 

The research involved young female 
cross-country skiers over a year, 
assessing their nutrition intake, 
anthropometric changes, training 
volume, and performance. 

Rapid glycogen repletion requires 
tailored carb intake. Composite 
carbs expedite liver glycogen 
replenishment, impacting exercise 
capacity. Environmental stress 
alters carb metabolism, 
necessitating adaptation. 

(Ding et al. 

2022) 

Effect of a carbohydrate-rich 
beverage on rate of cesarean 
delivery in primigravidae 
with epidural labor 
analgesia: a multicenter 
randomized trial 

A multicenter trial in China, 
approved by ethics committees, 
tested carb-rich vs. low-carb drinks 
on primigravidae in labor, 
randomizing via sealed envelopes. 
Outcome measures included 
cesarean rates and labor duration. 

Cesarean rates didn't significantly 
differ between groups, even after 
adjusting for fluid intake. The carb-
rich group experienced less post-
birth hunger but higher maternal 
blood glucose levels and 
hyperglycemia incidence. No 
maternal hypoglycemia cases 
occurred. 

(Tanous et al. 

2022) 

Dietary carbohydrate rather 
than protein intake drives 
colonic microbial 
fermentation during weight 
loss 

Overweight or obese males 
underwent a cross-over study, 
consuming a maintenance diet 
followed by three 10-day weight loss 
diets: NPWL, NPAAWL, and HPWL. 
Faecal samples were analyzed via 
LC-MS/MS to assess dietary 
metabolites' impact on colonic 
fermentation. 

NPWL diet showed minimal faecal 
metabolome changes; NPAAWL 
and HPWL reduced carb-related 
and increased protein-related 
metabolites, emphasizing carb's 
role in colonic fermentation. 
Balancing dietary carb and protein 
is crucial in weight loss diet design, 
influencing gut health and 
metabolic processes. 

(Huang et al. 

2020) 

Low-osmolality 
carbohydrate–electrolyte 
solution ingestion avoid 
fluid loss and oxidative 
stress after exhaustive 
endurance exercise 

Twelve healthy males from Taipei 
Medical University participated, 
following a double-blind crossover 
design. They consumed either a low-
osmolality carb-electrolyte solution 
or water pre/post exhaustive 
endurance exercise. Various 
parameters, including dehydration 
rates and oxidative stress indicators, 
were measured through blood 
samples. 

Participants consuming LCS 
showed lower dehydration rates 
post-EEE. LCS intake led to higher 
catalase levels and slightly lower 
protein carbonyl concentrations, 
suggesting antioxidant effects. 
Overall, LCS aids in post-exercise 
recovery and oxidative stress 
management. 

(Gratz et al. 
2019) 

Dietary carbohydrate rather 
than protein intake drives 
colonic microbial 
fermentation during weight 
loss 

Overweight/obese males underwent 
a cross-over study consuming 
maintenance then 3 weight loss diets: 
NPWL, NPAAWL, and HPWL. 
Faecal samples analyzed via LC-
MS/MS showed NPWL minor 
changes, while NPAAWL and HPWL 

NPWL diet caused minimal faecal 
metabolome changes, while 
NPAAWL and HPWL reduced 
carb-related and increased protein-
related metabolites. Dietary carbs 
primarily drove colonic 
fermentation, underscoring the 
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Author Heading Method Result 
reduced carb-related and increased 
protein-related metabolites. 
Balancing dietary carb and protein 
crucial in designing effective weight 
loss diets. 

need for balanced carb-protein 
intake in weight loss diets. 

(Mata et al. 2019) Carbohydrate availability 
and physical performance: 
physiological overview and 
practical recommendations 

The narrative review provides a 
comprehensive overview of CHO's 
impact on performance, emphasizing 
nutrition's role in exercise 
adaptations. Practical 
recommendations for CHO 
periodization stress adjusting 
nutrition to training goals. 

CHO availability significantly 
affects physical performance, with 
nutritional periodization 
optimizing exercise intensity and 
promoting adaptations. 'Training 
low' protocols enhance 
performance in endurance athletes 
without immune system 
compromise. Post-exercise 
glycogen restoration strategies 
impact recovery and performance. 

(King et al. 2022) Short-Term Very High 
Carbohydrate Diet and Gut-
Training Have Minor Effects 
on Gastrointestinal Status 
and Performance in Highly 
Trained Endurance Athletes 

Two athlete groups (MAX and CON) 
aimed to enhance CHO availability. 
Nineteen male race walkers and 
eighteen distance runners 
participated. Assessments included a 
26 km race-walk and a 35 km run 
supported by interventions like high 
CHO diet and gut-training. 

Post-exercise, I-FABP increased 
significantly but was likely 
clinically insignificant. MAX group 
had increased GIS, particularly 
upper GIS, compared to CON. 
Despite higher carb intake, no 
major differences in I-FABP or GIS. 
Both groups showed decreased 
claudin-3 response. Performance 
improvement was similar, 
suggesting additional carb 
availability may not offer extra 
benefits. 

 
The reviewed article provides an in-depth 

understanding of the relationship between nutrient 
intake, especially carbohydrates, and athlete 
performance and health, particularly among female 
athletes who participate in endurance sports such as 
cross-country skiing. These findings highlight the 
importance of paying attention to adequate nutrient 
intake, especially carbohydrates, to support optimal 
performance and reduce the risk of low energy 
availability (LEA) that can negatively impact athletes' 
health. In addition, research has also shown that 
environment and stress can affect carbohydrate 
metabolism, so it is important to make adjustments in 
carbohydrate intake to maximize the athlete's training 
and recovery abilities. In addition, the emphasis on the 
balance between carbohydrate and protein intake is also 
highlighted in these articles, especially in the context of 
recovery and weight loss. These findings affirm the 
importance of designing a balanced diet to achieve the 
desired effects, both in improving athlete performance 
and in supporting a healthy weight loss process.  

Thus, a comprehensive understanding of the role of 
carbohydrates in athlete nutrition is key in achieving 
optimal performance and maintaining overall health. 
Daily food intake is very important to maintain health 
and determine endogenous fuel to train endurance 

(Passos et al. 2019). The consumption of carbohydrates 
(glucose) during exercise becomes a mode of exercise 
that presents unique metabolic needs in athletes due to 
the combined use of muscles. Consumption of an 18% 
multi-transport carbohydrate solution with gelled 
polysaccharides was well tolerated for 120 minutes in 
submaximal exercise, but did not improve performance 
to the maximum (Pettersson et al. 2019).  

Adequate glycogen storage is important for an 
athlete's endurance to compensate for fatigue symptoms 
and to maintain a high level of work. Experts no longer 
recommend high-carb dietary habits for competitive 
athletes, but suggest periodizing carbohydrate intake 
depending on the intensity and duration of training 
sessions and the purpose of training blocks. If the goal is 
to eliminate fat, increase fat utilization, or increase 
endurance capacity through long, slow duration 
exercise, then an overall decrease in carbohydrate intake 
may be recommended or by changing the timing of 
intake (Casazza et al. 2018). 

CHO during exercise can optimize endurance 
performance (Reinhard and Galloway 2022). A study 
showed that the women examined used an abnormal 
hypoenergetic diet with too low carbohydrate content 
that was relatively more beneficial than the absolute 
amount of protein, fat, and carbohydrates consumed 
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(Pilis et al. 2019). In this case, it shows the amount of 
carbohydrate consumption for female athletes can be 
adjusted to the training capacity they do. 

 

Conclusion  
 

Carbohydrate consumption for female long-
distance runners is needed as the main energy in the 
form of exercise that involves endurance. Carbohydrates 
as nutrients are most quickly absorbed by the body. 
Running a marathon is both a physical and mental 
activity. Runners consume food products containing 
carbohydrates to replenish glycogen stores to maintain 
their marathon performance. Female and male athletes 
have differences in both physiological and psychological 
characteristics related to endurance performance. So that 
the role of the coach is very useful in determining the 
scope of nutrition that will be consumed by athletes both 
during training and competing. 
 
Acknowledgements  

In the course of this research, I would like to express my 
highest appreciation to my beloved family who always 
provide endless support, love, and encouragement. Thank you 
to the leading lecturers at the Faculty of Sports Science who 
have provided extraordinary guidance, knowledge, and 
inspiration. Also, do not forget to thank my comrades in arms 
in the Master of Sports Education Study Program who have 
always been a source of inspiration and motivation. 
 
Author Contributions 
This article was written by six contributors, Reza Restu Illahi 

contributed to the writing of the introduction, methodology, 
literature review, results, and conclusions. Willadi Rasyid, 
Hendri Neldi, Padli contributed to the process of 
conceptualization, methodology, review, and finalization of 
articles. Yovhandra Ockta contributed to the finalization and 
improvement of the content of the article. Firunika Intan 
Cahyani contributed to reviews in different thought sections.  
 
Funding 
This research was not funded by any party. The funding comes 
from the author of this article. 
 
Conflict of Interest 
The content of this article does not create a conflict of interest 

 

References  

 
Abreu, R., Figueiredo, P., Beckert, P., Marques, J. P., 

Amorim, S., Caetano, C., Carvalho, P., Sá, C., 
Cotovio, R., Cruz, J., Dias, T., Fernandes, G., 
Gonçalves, E., Leão, C., Leitão, A., Lopes, J., 
Machado, E., Neves, M., Oliveira, A., … Brito, J. 
(2021). Portuguese Football Federation consensus 
statement 2020: Nutrition and performance in 
football. BMJ Open Sport and Exercise Medicine, 7(3), 

1–15. https://doi.org/10.1136/bmjsem-2021-
001082 

Amawi, A., AlKasasbeh, W., Jaradat, M., Almasri, A., 
Alobaidi, S., Hammad, A. A., Bishtawi, T., Fataftah, 
B., Turk, N., Saoud, H. Al, Jarrar, A., & Ghazzawi, 
H. (2023). Athletes’ nutritional demands: a 
narrative review of nutritional requirements. 
Frontiers in Nutrition, 10(January), 1–17. 
https://doi.org/10.3389/fnut.2023.1331854 

Ammassari, S., McDONNELL, D. U. N. C. A. N., & 
Valbruzzi, M. (2023). It’s about the type of career: 
The political ambition gender gap among youth 
wing members. European Journal of Political Research, 
62(4), 1054–1077. https://doi.org/10.1111/1475-
6765.12560 

Arikunto. (2010). Prosedur penelitian : suatu pendekatan 
praktik. Rineka Cipta. 

Bargoria, V., Timpka, T., Jacobsson, J., Halje, K., 
Andersson, C., Andersson, G., & Bermon, S. (2020). 
Running for your life: A qualitative study of 
champion long-distance runners’ strategies to 
sustain excellence in performance and health. 
Journal of Science and Medicine in Sport, 23(8), 715–
720. https://doi.org/10.1016/j.jsams.2020.01.008 

Berger, N., Cooley, D., Graham, M., Harrison, C., & Best, 
R. (2020). Physiological responses and nutritional 
intake during a 7-day treadmill running world 
record. International Journal of Environmental 
Research and Public Health, 17(16), 1–17. 
https://doi.org/10.3390/ijerph17165962 

Berger, N. J. A., Best, R., Best, A. W., Lane, A. M., Millet, 
G. Y., Barwood, M., Marcora, S., Wilson, P., & 
Bearden, S. (2024). Limits of Ultra: Towards an 
Interdisciplinary Understanding of Ultra-
Endurance Running Performance. Sports Medicine, 
54(1), 73–93. https://doi.org/10.1007/s40279-023-
01936-8 

Bonilla, D. A., Pérez-Idárraga, A., Odriozola-Martínez, 
A., & Kreider, R. B. (2021). The 4r’s framework of 
nutritional strategies for post-exercise recovery: A 
review with emphasis on new generation of 
carbohydrates. International Journal of Environmental 
Research and Public Health, 18(1), 1–19. 
https://doi.org/10.3390/ijerph18010103 

Bourdas, D. I., Souglis, A., Zacharakis, E. D., Geladas, N. 
D., & Travlos, A. K. (2021). Meta-analysis of 
carbohydrate solution intake during prolonged 
exercise in adults: From the last 45+ years’ 
perspective. Nutrients, 13(12). 
https://doi.org/10.3390/nu13124223 

Burke, L. M., Jones, A. M., Jeukendrup, A. E., & Mooses, 
M. (2019). Contemporary nutrition strategies to 
optimize performance in distance runners and race 
walkers. International Journal of Sport Nutrition and 
Exercise Metabolism, 29(2), 117–129. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2023, Volume 9 Special Issue, 206-212 
 

211 

https://doi.org/10.1123/ijsnem.2019-0004 
Cadegiani, F. A., & Kater, C. E. (2020). Eating, Sleep, and 

Social Patterns as Independent Predictors of 
Clinical, Metabolic, and Biochemical Behaviors 
Among Elite Male Athletes: The EROS-
PREDICTORS Study. Frontiers in Endocrinology, 
11(June). 
https://doi.org/10.3389/fendo.2020.00414 

Cesanelli, L., Ylaitė, B., Messina, G., Zangla, D., Cataldi, 
S., Palma, A., & Iovane, A. (2021). The impact of 
fluid loss and carbohydrate consumption during 
exercise, on young cyclists’ fatigue perception in 
relation to training load level. International Journal of 
Environmental Research and Public Health, 18(6), 1–10. 
https://doi.org/10.3390/ijerph18063282 

Devrim-Lanpir, A., Hill, L., & Knechtle, B. (2021). 
Efficacy of popular diets applied by endurance 
athletes on sports performance: beneficial or 
detrimental? A narrative review. Nutrients, 13(2), 1–
40. https://doi.org/10.3390/nu13020491 

Fernandes, H. S. (2020). Carbohydrate Consumption and 
Periodization Strategies Applied to Elite Soccer 
Players. Current Nutrition Reports, 9(4), 414–419. 
https://doi.org/10.1007/s13668-020-00338-w 

Furber, M., Pyle, S., Roberts, M., & Roberts, J. (2021). 
Comparing acute, high dietary protein and 
carbohydrate intake on transcriptional biomarkers, 
fuel utilisation and exercise performance in trained 
male runners. Nutrients, 13(12), 1–15. 
https://doi.org/10.3390/nu13124391 

Greenfield, B., Alessi, E. J., Manning, D., Dato, C., & 
Dank, M. (2021). Learning to endure: A qualitative 
examination of the protective factors of homeless 
transgender and gender expansive youth engaged 
in survival sex. International Journal of Transgender 
Health, 22(3), 316–329. 
https://doi.org/10.1080/26895269.2020.1838387 

Grzebisz, N. (2020). Determinants of the Cardiovascular 
Capacity of Amateur Long-Distance Skiers during 
the Transition Period. Diagnostics, 10(9). 
https://doi.org/10.3390/diagnostics10090675 

Hawley, J. A., & Leckey, J. J. (2015). Carbohydrate 
Dependence During Prolonged, Intense Endurance 
Exercise. Sports Medicine, 45(1), 5–12. 
https://doi.org/10.1007/s40279-015-0400-1 

Lavoué, C., Siracusa, J., Chalchat, É., Bourrilhon, C., & 
Charlot, K. (2020). Analysis of food and fluid intake 
in elite ultra-endurance runners during a 24-h 
world championship. Journal of the International 
Society of Sports Nutrition, 17(1), 1–12. 
https://doi.org/10.1186/s12970-020-00364-7 

Longstrom, J. M., Colenso-Semple, L. M., Waddell, B. J., 
Mastrofini, G., Trexler, E. T., & Campbell, B. I. 
(2020). Physiological, psychological and 
performance-related changes following physique 

competition: A case-series. Journal of Functional 
Morphology and Kinesiology, 5(2). 
https://doi.org/10.3390/jfmk5020027 

Martín-Rodríguez, A., Belinchón-deMiguel, P., Rubio-
Zarapuz, A., Tornero-Aguilera, J. F., Martínez-
Guardado, I., Villanueva-Tobaldo, C. V., & 
Clemente-Suárez, V. J. (2024). Advances in 
Understanding the Interplay between Dietary 
Practices, Body Composition, and Sports 
Performance in Athletes. Nutrients, 16(4), 1–32. 
https://doi.org/10.3390/nu16040571 

Martínez-Sanz, J. M., Nuñez, A. F., Sospedra, I., 
Martínez-Rodríguez, A., Domínguez, R., González-
Jurado, J. A., & Sánchez-Oliver, A. J. (2020). 
Nutrition-related adverse outcomes in endurance 
sports competitions: A review of incidence and 
practical recommendations. International Journal of 
Environmental Research and Public Health, 17(11), 1–
19. https://doi.org/10.3390/ijerph17114082 

Moore, D. R., Sygo, J., & Morton, J. P. (2021). Fuelling the 
female athlete: carbohydrate and protein 
recommendations. European Journal for Sport and 
Science, 22(5), 1–19. 

Nielsen, L. L. K., Lambert, M. N. T., & Jeppesen, P. B. 
(2020). The effect of ingesting carbohydrate and 
proteins on athletic performance: A systematic 
review and meta-analysis of randomized controlled 
trials. Nutrients, 12(5). 
https://doi.org/10.3390/nu12051483 

Nightingale, S., Spiby, H., Sheen, K., & Slade, P. (2018). 

LJMU Research Online ｍ . Tourism Recreation 
Research, 19. 
http://researchonline.ljmu.ac.uk/id/eprint/8705
/ 

Noakes, T. D. (2022). What Is the Evidence That Dietary 
Macronutrient Composition Influences Exercise 
Performance? A Narrative Review. Nutrients, 14(4). 
https://doi.org/10.3390/nu14040862 

O’Connor, W., O’Connor, E., Barnes, M., Miller, M., 
Gardener, H., & Stannard, S. (2022). Chronic 
carbohydrate restriction improves endurance 
capacity and body composition in men and women. 
Journal of Science and Cycling, 11(1), 70–83. 
https://doi.org/10.28985/1322.jsc.04 

Phillips, S. M. (2012). Dietary protein requirements and 
adaptive advantages in athletes. British Journal of 
Nutrition, 108(SUPPL. 2), 158–167. 
https://doi.org/10.1017/S0007114512002516 

Sampson, G., Morton, J. P., & Areta, J. L. (2023). Mind the 
gap: Limited knowledge of carbohydrate 
guidelines for competition in an international 
cohort of endurance athletes. Journal of Nutritional 
Science, 12(16). 
https://doi.org/10.1017/jns.2023.49 

Scheer, V., Tiller, N. B., Doutreleau, S., Khodaee, M., 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2023, Volume 9 Special Issue, 206-212 
 

212 

Knechtle, B., Pasternak, A., & Rojas-Valverde, D. 
(2022). Potential Long-Term Health Problems 
Associated with Ultra-Endurance Running: A 
Narrative Review. Sports Medicine (Auckland, N.Z.), 
52(4), 725–740. https://doi.org/10.1007/s40279-
021-01561-3 

Stellingwerff, T., Bovim, I. M., & Whitfield, J. (2019). 
Contemporary nutrition interventions to optimize 
performance in middle-distance runners. 
International Journal of Sport Nutrition and Exercise 
Metabolism, 29(2), 106–116. 
https://doi.org/10.1123/ijsnem.2018-0241 

Stellingwerff, T., Morton, J. P., & Burke, L. M. (2019). A 
framework for periodized nutrition for athletics. 
International Journal of Sport Nutrition and Exercise 
Metabolism, 29(2), 141–151. 
https://doi.org/10.1123/ijsnem.2018-0305 

Ward, C., Palmer, A. K., Brockett, B. F. T., Costanza, R., 
Hatfield, J., Kubiszewski, I., Langford, P., Pickett, 
K., & Willis, C. (2023). Perceptions, preferences and 
barriers: A qualitative study of greenspace and 
under-representation in Leeds, UK. People and 
Nature, 5(4), 1284–1298. 
https://doi.org/10.1002/pan3.10507 

Williamson, E. (2016). Nutritional implications for ultra-
endurance walking and running events. Extreme 
Physiology and Medicine, 5(1), 1–18. 
https://doi.org/10.1186/s13728-016-0054-0 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2023, Volume 9 Special Issue, 206-212 
 

213 

 


