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Introduction

Abstract: The study investigates the critical role of carbohydrate intake in
maintaining glycogen stores and enhancing physical performance during
prolonged exercise. The primary aim is to evaluate how carbohydrate
consumption influences glycogen levels and athletic performance, focusing on
intake types and timing. Utilizing a qualitative descriptive research model, the
study conducts an extensive literature review, involving a thorough search of
scientific databases such as Scopus, ScienceDirect, and Google Scholar. Specific
keywords like "Carbohydrates," "Glycogen Stores," and "Prolonged Exercise"
guide the search for relevant articles. These articles are analyzed to extract and
synthesize information on the relationship between carbohydrate intake and
glycogen reserves during extended physical activities. The findings highlight that
a daily carbohydrate intake of 6-12 g/kg body weight is essential for optimal
glycogen levels and performance. Simple carbohydrates and fructose-glucose
mixtures are particularly effective in enhancing recovery. Additionally,
carbohydrate loading before intense exercise significantly improves glycogen
stores and endurance performance. The study concludes that while adequate
carbohydrate intake is vital for sustaining performance and facilitating recovery,
further research is needed to explore the long-term effects and individual
variations in carbohydrate nutrition strategies. This includes examining diverse
exercise types, athlete profiles, and the interplay between carbohydrates and
other dietary components.
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competition (Al Zaki et al.,, 2023; Insani et al., 2024;
Likardo et al., 2023).

Human health and physical performance are
heavily reliant on various factors, one of which is
adequate nutrition (Amin et al., 2023). Among the
different macronutrients, carbohydrates play a crucial
role in supporting physical activity, especially in the
context of prolonged exercise (Bourdas et al., 2021;
Noakes, 2022). Carbohydrates, as a primary source of
energy, are central to maintaining the body's glycogen
stores, which are essential for optimal physical
performance during extended periods of training or

Glycogen is the storage form of glucose in the
human body, primarily found in the liver and muscles
(Chinta et al., 2024). When we consume carbohydrates,
the body converts them into glucose, which is then
stored as (Arribalzaga et al., 2021; Beermann et al., 2020;
Dobrosielski, 2021; Furber et al., 2021). During physical
activity, the stored glycogen is used as the main source
of energy. Therefore, maintaining sufficient glycogen
stores is critical to ensuring good physical performance,
particularly in endurance sports such as long-distance
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running, cycling, or triathlons (Illahi et al., 2023; Safitri
et al., 2023). A decline in glycogen levels during exercise
can lead to a significant decrease in physical
performance. This is because glycogen is the most
efficient energy source for intense and (Fruh et al., 2021;
Tanous et al., 2022). When glycogen stores deplete, the
body must rely on other energy sources like fat, which,
although abundant, requires a more complex and slower
metabolic process to be converted into usable energy.
This can result in decreased speed, strength, and
endurance, negatively affecting an athlete's performance
(Haris et al., 2024; Khani et al., 2024; Safitri et al., 2024).

Research indicates that adequate carbohydrate
intake before, during, and after exercise can help
maximize glycogen stores and facilitate faster recovery.
For instance, consuming carbohydrates before exercise
can increase the available glycogen stores, while intake
during exercise can slow glycogen depletion and
maintain performance. After exercise, carbohydrates
help replenish depleted glycogen, accelerate recovery,
and reduce (Garcia-Sillero et al., 2021; Potisaen &
Potisaen, 2022; Priego-Quesada et al, 2020).
Furthermore, it is important to understand how the type
and timing of carbohydrate consumption affect physical
performance. Simple carbohydrates, such as glucose and
sucrose, are quickly absorbed and used by the body,
while complex carbohydrates, such as starch and fiber,
take longer to digest and release energy. Choosing the
right type of carbohydrate and timing can help maintain
stable blood glucose levels, optimize glycogen use, and
support better physical performance.

Additionally, recent research shows that nutritional
strategies such as carbohydrate loading before highly
intense competitions or workouts can significantly
increase glycogen stores. This technique, known as
"carbohydrate loading," involves consuming high
amounts of carbohydrates over several days before
strenuous physical activity to boost muscle glycogen
reserves (Burke, 2021; Noakes, 2022). This method has
been shown to enhance athletic performance in various
endurance sports. However, while carbohydrates are
vital for maintaining glycogen stores and physical
performance, overall nutritional balance remains
important. Excessive carbohydrate consumption
without considering protein, fat, and other vitamins and
minerals can disrupt nutritional balance and overall
health. Therefore, a balanced approach tailored to
individual needs is key to designing an optimal diet for
athletes and physically active individuals.

Adequate carbohydrate intake plays a crucial role
in maintaining the body's glycogen stores and
maximizing physical performance during prolonged
exercise. Understanding how carbohydrates function in
the body, when, and which types are most effective can
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provide significant advantages in training and
competition. Therefore, further research and a deeper
understanding of carbohydrate nutrition will continue
to contribute to the development of better nutritional
strategies to enhance athletic performance and overall
health. Based on this background, researchers need to
conduct a comprehensive literature review on the
management of asthma triggered by physical exercise in
athletes.

Method

This study employs a qualitative descriptive
research model, guided by an extensive literature
review, to explore the role of carbohydrate intake in
maintaining glycogen stores and enhancing physical
performance  during prolonged exercise. The
methodology begins with a comprehensive search of
reputable scientific databases, including Scopus,
ScienceDirect, and Google Scholar. The search utilizes
specific keywords such as "Carbohydrates," "Glycogen
Stores," and "Prolonged Exercise" to identify relevant
literature.

Subsequent to the literature search, relevant articles
are reviewed to extract essential information concerning
the relationship between carbohydrate intake and
glycogen stores during extended physical activity. The
review process focuses on identifying key elements such
as author names, publication years, study designs,
research objectives, sample characteristics,
methodologies, and summaries of findings. Articles that
meet the inclusion criteria are selected for in-depth
analysis.

Data collection is performed through a systematic
documentation method, wherein pertinent information
is gathered and organized from the selected literature.
This data is then synthesized into a cohesive document
that addresses the research questions related to
carbohydrate intake, glycogen maintenance, and
physical performance during prolonged exercise.
Content analysis is utilized to evaluate the relevance and
contributions of each study, providing insights into how
carbohydrate intake influences glycogen stores and
performance outcomes in extended exercise contexts.

Result and Discussion

The analysis aims to provide evidence-based
insights into how carbohydrate intake affects glycogen
stores and physical performance during prolonged
exercise.This literature review includes a detailed
analysis of seven key studies, with further specifics
presented in Table 1.
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Table 1. Summary of data descriptions
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Results

Author Topic

(Gonzalez & Betts, 2019) Dietary sugars, exercise and
hepatic carbohydrate
metabolism

(Alghannam et al.,, 2021) Regulation  of  energy

(Knuiman et al., 2015)

(Alghannam et al., 2018)

(Konig et al., 2019)

(Williams & Rollo, 2015)

(Namma-Motonaga et al., Effect of

2022)

substrate metabolism in
endurance exercise

Glycogen availability and
skeletal muscle adaptations
with endurance and
resistance exercise

Restoration ~ of  muscle
glycogen and functional
capacity: Role of post-
exercise carbohydrate and

protein co-ingestion

Carbohydrates in
nutrition

sports

Nutrition
Sport

Carbohydrate
and Team
Performance

Different
Carbohydrate Intakes
within 24 Hours after
Glycogen Depletion on
Muscle Glycogen Recovery
in Japanese Endurance

Athletes

The study highlights that carbohydrate intake is crucial for maintaining
glycogen reserves and enhancing performance during prolonged
exercise. Key points include the need for about 1 g/kg body mass per
hour of carbohydrates, the benefits of fructose-glucose mixtures for
faster recovery and reduced gut discomfort, and improved endurance
with optimized carbohydrate types.

The study underscores the critical role of carbohydrate intake in
endurance exercise, revealing its ergogenic effects by maintaining blood
sugar and reducing fatigue. Carbohydrates help spare muscle glycogen,
enhance performance by supporting euglycemia, and may vary in
effectiveness by sex. Extra-muscular sources also aid in energy
metabolism.

The study reveals that glycogen depletion impairs endurance
performance, while post-exercise carbohydrate intake aids recovery by
replenishing glycogen. Training with low glycogen may enhance
muscle adaptations, though effects on resistance exercise are less clear.
Adequate carbohydrate intake before and after exercise is crucial for
performance and recovery.

The study highlights that high carbohydrate intake (1.2 g/kg BM/h)
during recovery significantly restores muscle glycogen and improves
exercise capacity. Co-ingesting protein further enhances glycogen
resynthesis, especially with lower carbohydrate intake. These findings
underscore the importance of adequate carbohydrate and protein intake
for optimal recovery and performance.

The study emphasizes that high carbohydrate intake is vital for
performance during prolonged exercise, providing greater energy yield
than fats or proteins. Recommended intake is 6-12 g/kg body weight
per day to replenish glycogen and prevent hypoglycemia. Post-exercise
carbohydrate intake accelerates recovery, and the form of carbohydrate
is less critical than total intake.

The study underscores the importance of carbohydrate intake for team
sport performance. Key findings include that ingesting 1.2 g/kg body
mass of carbohydrates post-exercise maximizes glycogen storage, while
protein addition has minimal impact. Carbohydrate gels improve
endurance during exercise, and high glycemic index foods before
exercise enhance energy levels and performance.

The research shows that higher carbohydrate intake (7-10 g/kg BM/d)
significantly improves muscle glycogen recovery in Japanese endurance
athletes, compared to 5 g/kg BM/d. Adequate intake is crucial for
maintaining performance in subsequent training sessions. The study
supports guidelines recommending 6-10 g/kg BM/d for optimal
recovery and performance.

This discussion synthesizes findings from the
reviewed literature on the role of carbohydrate intake in
maintaining glycogen stores and enhancing physical
performance during prolonged exercise. The evidence
highlights the crucial role of carbohydrates in
optimizing athletic performance, particularly in
endurance sports. Key themes emerging from the
studies include the importance of adequate
carbohydrate intake, the impact of carbohydrate type
and timing, the benefits of carbohydrate loading
strategies, and the necessity of overall nutritional
balance. Glycogen, the stored form of glucose in the liver
and muscles, is essential for sustained physical activity.

Carbohydrates are the primary source of glucose, and
their consumption directly influences glycogen levels.
Gonzalez & Betts (2019) emphasize that ingesting
approximately 1 g/kg body mass per hour of
carbohydrates is necessary for maintaining adequate
glycogen reserves during prolonged exercise. This aligns
with Konig et al. (2019), who recommend a daily
carbohydrate intake of 6-12 g/kg body weight to
effectively replenish glycogen stores and prevent
hypoglycemia. This consensus underscores the
importance of ensuring sufficient carbohydrate intake,
particularly during extended physical exertion. Studies
demonstrate that low glycogen levels can lead to
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decreased performance, as glycogen is the most efficient
energy source for high-intensity and prolonged
activities (Knuiman et al., 2015; Alghannam et al., 2021).
Therefore, athletes should carefully monitor their
carbohydrate consumption to maintain optimal
glycogen levels and support their performance needs.
The type of carbohydrate consumed can impact
performance and recovery. Simple carbohydrates, such
as glucose and sucrose, are rapidly absorbed and
utilized, while complex carbohydrates, like starch and
fiber, provide a slower release of energy (Williams &
Rollo, 2015). Gonzalez & Betts (2019) highlight the
benefits of fructose-glucose mixtures, which are shown
to enhance recovery and reduce gastrointestinal
discomfort compared to other carbohydrate sources.
This suggests that the choice of carbohydrate type may
influence the efficiency of glycogen replenishment and
overall recovery.

The timing of carbohydrate intake is also critical.
Consuming carbohydrates before exercise can elevate
glycogen stores, as demonstrated by Alghannam et al.
(2018), who found that high carbohydrate intake during
recovery significantly restores muscle glycogen. This
pre-exercise consumption strategy helps ensure that
athletes have adequate glycogen reserves for optimal
performance. During exercise, carbohydrate intake can
slow glycogen depletion, helping maintain performance
levels (Gonzalez & Betts, 2019). Post-exercise
carbohydrate intake is crucial for glycogen resynthesis,
which is essential for recovery and preparation for
subsequent activities (Konig et al., 2019). Several studies
reinforce the significance of carbohydrates for
endurance and recovery. Alghannam et al. (2021) note
that carbohydrates are essential for maintaining blood
sugar levels and reducing fatigue, which helps spare
muscle glycogen and enhance performance. Knuiman et
al. (2015) support this by showing that glycogen
depletion impairs endurance performance, and post-
exercise carbohydrate intake aids in glycogen
replenishment. This recovery process is vital for athletes,
particularly those engaging in frequent or intense
training sessions.

The importance of carbohydrate intake for recovery
is further supported by Alghannam et al. (2018), who
found that combining carbohydrates with protein
during recovery improves glycogen resynthesis and
exercise capacity. This suggests that while
carbohydrates are critical for replenishing glycogen, the
inclusion of protein may enhance the recovery process,
especially when carbohydrate intake is limited. The
findings emphasize the need for a strategic approach to
carbohydrate and protein consumption to optimize
recovery and performance. Carbohydrate loading, or
"carb-loading," is a well-established method for
enhancing performance in endurance sports. This
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technique involves increasing carbohydrate intake
several days before an intense exercise or competition to
maximize glycogen stores (Burke, 2021). Alghannam et
al. (2018) and Namma-Motonaga et al. (2022) provide
evidence that higher carbohydrate intake before intense
exercise significantly boosts glycogen stores and
improves performance. Namma-Motonaga et al. (2022)
specifically demonstrate that consuming 7-10 g/ kg body
mass/day of carbohydrates significantly enhances
muscle glycogen recovery compared to lower intakes.

Carbohydrate loading is particularly beneficial for
events requiring sustained endurance, as it helps ensure
that athletes have ample glycogen reserves to support
prolonged exertion. This strategy allows athletes to
perform at their best and delay the onset of fatigue,
which is crucial for competitive success in endurance
sports.While carbohydrates are vital, maintaining a
balanced diet is essential for overall health and optimal
performance. Excessive carbohydrate intake without
adequate consumption of proteins, fats, and
micronutrients can disrupt nutritional balance and
impact overall health (Konig et al., 2019). The reviewed
studies emphasize the importance of a holistic approach
to nutrition, where carbohydrates play a critical role but
should be complemented by other nutrients to support
overall athletic performance and health.

For instance, protein is essential for muscle repair
and recovery, and fats are crucial for long-term energy
and overall health. Vitamins and minerals also play roles
in energy metabolism and recovery. Therefore, athletes
should focus on a well-rounded diet that supports their
carbohydrate needs while also addressing other
nutritional requirements. The insights from this
literature review have practical implications for athletes
seeking to optimize their performance through
nutritional strategies. Understanding the role of
carbohydrates in maintaining glycogen stores and
enhancing performance allows athletes to make
informed decisions about their dietary intake.

Conclusion

The review of the role of carbohydrate intake in
maintaining glycogen stores and enhancing physical
performance during prolonged exercise provides
substantial insights into how this macronutrient affects
athletic performance. Carbohydrates are essential for
replenishing glycogen reserves, which are critical for
sustaining energy during extended physical activities.
Findings consistently highlight that maintaining a
carbohydrate intake of 6-12 g/kg body weight per day is
crucial for optimal glycogen levels and performance.
This intake helps to prevent fatigue and supports
endurance, particularly in endurance sports where
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glycogen  depletion can  significantly = impair
performance. The type and timing of carbohydrate
consumption are also pivotal in optimizing performance
and recovery. Simple carbohydrates like glucose and
sucrose offer quick energy, while complex
carbohydrates provide a more sustained release.
Research shows that fructose-glucose mixtures can
enhance recovery and reduce gastrointestinal issues,
emphasizing the need for appropriate carbohydrate
selection. Consuming carbohydrates before, during, and
after exercise helps boost glycogen stores, maintain
performance, and accelerate recovery. These strategies
are essential for athletes to maximize their performance
and recovery.

Carbohydrate loading, which involves increasing
carbohydrate intake before intense exercise, has been
shown to significantly improve glycogen stores and
enhance performance in endurance events. This
approach allows athletes to perform at peak levels and
delay fatigue. Evidence suggests that consuming 7-10
g/kg body mass/day of carbohydrates can be
particularly effective in muscle glycogen recovery,
supporting the strategy's utility for prolonged or high-
intensity activities. Despite the valuable insights
provided, there are limitations in the current research.
Many studies have focused on specific types of exercise
or athlete populations, which may not be generalizable
to all types of physical activities or different
demographics. Additionally, the long-term effects of
various carbohydrate intake strategies on overall health
and performance are not fully understood. The
variability in individual responses to carbohydrate
intake suggests that personalized nutrition plans may be
more effective than one-size-fits-all recommendations.

Future research should address these limitations by
exploring the effects of carbohydrate intake across
diverse types of exercise and athlete profiles.
Longitudinal studies examining the long-term health
implications of different carbohydrate strategies are also
needed. Additionally, investigating the interaction
between carbohydrate intake and other dietary
components, such as proteins and fats, will provide a
more comprehensive understanding of optimal
nutrition for athletic performance. Personalized
nutrition approaches, considering individual metabolic
responses and specific needs, should also be explored to
develop more effective dietary strategies for athletes.
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