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Abstract

Introduction: The physical performance of athletes in endurance disciplines is the result of a

complex process of the body adapting to prolonged and intense exertion. A significant factor

influencing the efficiency of this process is an appropriate diet, which ensures optimal

conditions for maintaining performance, recovery, and achieving maximum results during

competitions. The diet of an athlete, especially in endurance sports, plays a crucial role in

providing adequate amounts of energy, micronutrients, and macronutrients, such as

carbohydrates, fats, and proteins, which are necessary to maintain energy levels, especially

during prolonged efforts. Proper dietary balance, including an adequate supply of

carbohydrates, affects the body's ability to utilize stored energy resources and facilitates post-

exercise recovery mechanisms.

Objective: To review available studies on the impact of diet on the physical performance of

endurance athletes, analyze the findings, and draw practical conclusions that can be used to

create dietary plans for athletes.

Current Knowledge: Athletic performance is the body's ability to perform physical exertion

for an extended period without excessive fatigue while maintaining adequate efficiency. It

depends on the cardiovascular, respiratory, and muscular systems' ability to deliver energy and

remove metabolic by-products. Diet has a significant impact on the body's performance, and

both the number of calories consumed and their primary source are critical for athletic

achievements.

Summary: A low-carbohydrate, high-fat diet leads to reduced exercise efficiency because the

athlete requires more oxygen to perform the same work. Although reducing carbohydrate

intake increases fatty acid oxidation, carbohydrates remain a more efficient energy source for

high-intensity efforts, providing more ATP per unit of oxygen. Long-term adaptation to a
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high-fat diet reduces exercise capacity, especially during intense activities, due to disruptions

in carbohydrate metabolism, despite the availability of glycogen.

Keywords: athletic performance, diet, endurance sports, carbohydrates, fats, dietary

recommendations.

Division of Endurance and Its Importance in Endurance Sports

Sports endurance can be divided into two main types:

1. Aerobic Endurance

This refers to the body's ability to generate energy in the presence of oxygen. Aerobic

endurance is crucial in endurance disciplines such as marathon running, cycling, or

swimming, where the effort lasts longer, and energy is primarily derived from the

oxidation of carbohydrates and fats. High aerobic endurance allows for sustained

effort over an extended period, delaying fatigue and enabling efficient utilization of

energy resources.

2. Anaerobic Endurance

This pertains to the body's ability to produce energy under oxygen-deficient conditions,

characteristic of short, intense efforts such as sprinting, weightlifting, or other forms of

strength training. Anaerobic endurance enables short but highly intense efforts,

utilizing anaerobic processes that provide quick access to energy. However, this leads

to the accumulation of lactic acid, which limits the duration of such efforts.

Importance of Sports Endurance

Sports endurance is a critical factor influencing athletic performance, as it determines an

athlete's ability to maintain a high level of intensity over time. In endurance disciplines, high

aerobic endurance allows athletes to perform intense efforts for extended durations,

translating into better times or distances achieved.
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Biochemical and Physiological Basics

The individual components of the diet have a crucial impact on sports performance by

providing the body with essential substances for maintaining energy, recovery, and optimizing

endurance.

Proteins – Essential for the construction and repair of muscles. In strength and endurance

sports, protein supports the repair of micro-injuries caused by training and helps maintain

muscle mass. A deficiency in protein can lead to muscle weakness and a long-term decrease in

endurance.

Carbohydrates – Serve as the main energy source, particularly in endurance sports. They

replenish glycogen stores in muscles and the liver, enabling prolonged physical effort.

Consuming carbohydrates before, during, and after training enhances endurance and aids

recovery.

Fats – Provide energy during prolonged, moderate-intensity effort. An adequate amount of

healthy fats, particularly unsaturated fatty acids, affects overall body efficiency and supports

the functioning of the hormonal system, which is essential for endurance.

Vitamins and Minerals – Play a crucial role in energy metabolism, support the immune and

nervous systems, and accelerate recovery. For example, vitamin D supports bone health, while

magnesium and potassium help prevent muscle cramps and maintain electrolyte balance.

Hydration plays a key role in the physical performance of athletes, as water constitutes about

60% of body weight and is essential for the proper functioning of the body during exertion.

Optimal hydration ensures electrolyte balance, supports the transport of nutrients and oxygen

to muscles, and facilitates the removal of metabolic waste products. Even mild dehydration

can lead to reduced performance, increased fatigue, impaired concentration, muscle cramps,

and, in extreme cases, heat stroke.

A well-balanced diet, containing the right amounts of these components, is key to achieving

optimal sports results, improving endurance, and promoting faster recovery. [1-4]
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Selected Nutritional Strategies to Support Endurance

1. Increasing endurance through a carbohydrate-based diet is one of the most effective

methods for improving performance in endurance sports such as running, cycling, or

swimming. A key element of this strategy is the concept of “carbohydrate loading,”

which involves increasing carbohydrate intake several days before intense aerobic

effort to maximize glycogen stores in muscles and the liver. The benefits of this

approach include:

2. Increased glycogen stores, which are the main source of energy during high-intensity

aerobic exercise, allowing the body to maintain effort at a high level for a longer

period before it begins to rely on alternative energy sources such as fats. Increasing

glycogen stores delays the onset of fatigue, which is particularly important in

endurance disciplines.

3. Improved endurance: Higher carbohydrate availability during exercise leads to better

energy utilization, resulting in improved sports performance. Research shows that

athletes who use the carbohydrate loading strategy achieve better results in prolonged,

exhausting aerobic efforts.

4. Faster recovery: A carbohydrate-based diet before exercise also aids faster recovery

after intense training or competition. Increased carbohydrate intake helps replenish

glycogen stores more quickly after exertion, allowing athletes to return to full form

more rapidly [6,7].

Increased Protein Intake in Recovery and Muscle Building

Increased protein intake plays a key role in recovery after training and in muscle mass

development. After intense exercise, micro-tears occur in muscle fibers, which require repair

and regeneration. Protein provides the essential amino acids that form the foundation of the

repair process and the synthesis of new muscle fibers, leading to muscle growth.

Consuming protein in adequate amounts reduces feelings of fatigue and prevents muscle

catabolism. For those engaged in strength training, protein contributes to improvements in

strength and muscle mass, and its increased intake (compared to standard recommendations)

leads to better training results. An adequate amount of protein in the diet (usually between 1.6

and 2.2 g per kilogram of body weight) is essential for optimal muscle growth and recovery

[8,9].
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Fat-Based Diet in Athletes

A fat-based diet can be beneficial for athletes, but its application depends on the type of sport.

In endurance disciplines, such as long-distance running, a ketogenic diet can improve the

body's ability to burn fat as fuel, enhancing endurance at low or moderate intensities.

Adapting to this diet takes several weeks and may lead to an initial decrease in energy levels

before the body adjusts to fat burning. Athletes following a fat-based diet must also ensure

adequate electrolyte intake and hydration to prevent mineral imbalances. In practice, a fat-

based diet is often used cyclically or in combination with periodic carbohydrate loading to

optimize performance and recovery [10,11].

Specifics of Diet in Endurance Sports

The diet of athletes in endurance sports comes with several challenges that can impact

performance, recovery, and overall health. Key challenges include:

1. Adequate Energy Intake: Endurance sports require a high caloric intake, which can

be difficult to meet, especially during prolonged physical effort. Inadequate calorie

consumption leads to fatigue, muscle mass loss, and a decline in performance.

2. Macronutrient Balance: Ensuring an appropriate amount of carbohydrates, which are

the main energy source during intense exercise, is crucial. At the same time, athletes

must maintain a balance between carbohydrates, protein (for muscle recovery), and

fats (as an alternative energy source).

3. Hydration and Electrolytes: During prolonged exertion, the body loses a significant

amount of water and electrolytes (sodium, potassium, magnesium). A deficiency in

these can lead to dehydration, muscle cramps, and reduced performance. Planning

hydration strategies is critical, especially in extreme conditions.

4. Recovery: After exertion, the body requires proper nutrients for muscle recovery,

glycogen replenishment, and reducing inflammation. Poor nutrition can lengthen

recovery time and contribute to overtraining.

5. Diet Individualization: Every body is different, and universal nutrition plans may not

meet individual needs. Athletes must experiment with various strategies during

training to find the optimal nutrition combination tailored to their requirements and

tolerances [12,13].



8

Diet-Related Disorders in Athletes

Hormonal disturbances in endurance athletes caused by improper diet result from energy,

macro-, and micronutrient deficiencies that disrupt the hormonal system. These issues vary by

gender, as hormones play different key roles in the bodies of women and men [17].

Women

1. The Female Athlete Triad: This is a set of three interrelated pathological conditions

that can occur in women involved in sports, particularly endurance sports or those that

require weight control. It consists of the following elements:

a. Relative Energy Deficiency in Sport (RED-S): This is the central component

of the female athlete triad. Due to intense physical activity, poor diet, excessive

training, or insufficient calorie intake relative to energy expenditure, the

woman's body does not receive enough energy to meet both metabolic needs

and those resulting from physical activity. As a result, the body enters an

energy conservation mode.

b. Menstrual Disorders (Amenorrhea, Hypogonadism): Chronic energy

deficiency in the body leads to suppression of the hypothalamic-pituitary-

gonadal axis, which causes a decrease in the secretion of sex hormones,

including estrogen. Estrogen plays a crucial role in regulating the menstrual

cycle and maintaining bone health. A low level of estrogen leads to menstrual

disturbances.

c. Bone Metabolism Disorders (Osteopenia, Osteoporosis): The decrease in

estrogen levels, associated with menstrual disorders and chronic energy

deficiency, significantly affects bone metabolism. Estrogens are essential in

regulating bone metabolism because they stimulate osteoblast activity (cells

responsible for bone formation) and inhibit osteoclasts (cells responsible for

bone resorption). Their deficiency disrupts bone remodeling processes and

accelerates bone resorption, leading to a decrease in bone mineral density,

which can result in osteopenia or osteoporosis. Women with the female athlete

triad are significantly more prone to fractures, especially in long bones (e.g.,

femur, wrist bones) [14,15].
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2. Increased Risk of Chronic Inflammation

Chronic strain associated with frequent and intense training can lead to a state

of chronic inflammation, resulting from excessive production of pro-inflammatory

cytokines and inflammatory markers. Additionally, fluctuating levels of estrogen and

progesterone can influence the immune response, increasing the levels of

inflammatory markers. High-intensity endurance training can also lead to depletion of

energy resources, weakening the body's defense mechanisms, which further promotes

chronic inflammation.

3. Impact on the Thyroid

One of the most common issues is hypothyroidism (underactive thyroid),

characterized by a low level of thyroid hormones in the blood. Chronic high-intensity

physical exertion combined with insufficient recovery can lead to reduced thyroid

activity. This results from various factors, such as chronic stress, energy depletion, and

changes in leptin levels and other hormones regulating metabolism. Hypothyroidism

in athletes may manifest as reduced energy, difficulty maintaining body weight,

decreased performance, weakness, depression, and menstrual cycle disturbances [16].

Men

Testosterone Deficiency – This is a complex issue with multiple contributing factors:

1. Intense and prolonged physical exertion increases cortisol levels, which contributes

to muscle tissue breakdown and inhibits testosterone production. Excess cortisol can

also alter the secretion of gonadotropins (LH and FSH) from the pituitary gland, which

regulate testosterone production in the testes. Prolonged endurance training can lead to

a condition known as "exercise-induced hypogonadism," where testosterone levels

decrease, while cortisol levels rise.

2. Impact of Energy Depletion – In situations of chronic energy deficiency, the body

allocates available energy resources to basic life functions, leading to reduced

testosterone production. Energy depletion, especially in athletes on restrictive diets,

can disrupt the hypothalamic-pituitary-gonadal axis, resulting in decreased secretion

of gonadotropins and, consequently, testosterone.
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3. Disruptions in Hormonal Regulation – Chronic endurance exercise, especially

without proper rest and recovery, can lead to an imbalance between testosterone and

estrogen levels, which in extreme cases may result in lowered testosterone levels. This

occurs through the increased secretion of hormones that inhibit testosterone

production, such as prolactin and cortisol [18,19,29,31].

Impact on the Thyroid: Similar to women, malnutrition reduces thyroid activity, leading to

hypothyroidism, which can result in reduced endurance and chronic fatigue [16].

Common Consequences for Both Genders

1. Relative Energy Deficiency in Sport (RED-S): RED-S occurs when an athlete’s

body expends more energy than it can provide through diet. In response to this energy

deficit, the body adapts its functions to conserve energy, which can lead to disruptions

in multiple physiological systems. Energy deficiency may arise from excessive

training intensity, insufficient calorie intake, or an improper macronutrient distribution

(e.g., low carbohydrate intake). The pathophysiology of the syndrome is multifactorial,

and the following are the main disorders associated with it:

a. Hormonal Disturbances: Chronic energy deficiency causes the body to react

to metabolic stress, leading to decreased levels of hormones responsible for

reproductive functions, metabolism, and bone health. Leptin (a hormone that

regulates hunger and metabolism) and insulin levels often drop, reducing the

body’s ability to utilize energy. Additionally, reduced levels of estrogen in

women and testosterone in men may lead to menstrual cycle disturbances in

women and fertility issues in both genders.

b. Muscle Weakness, Decreased Aerobic Capacity, Muscle Mass Loss, and

General Decreased Ability for Intense Effort: This results in poor athletic

performance, lower endurance, and muscle deterioration.

c. Reduced Bone Mineral Density: Disruptions in estrogen or testosterone

levels can decrease bone density, increasing the risk of fractures and

osteoporosis. High physical stress combined with energy deficiency and

hormonal disruptions can lead to osteopenia and other bone-related issues,

such as stress fractures.
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d. Immune System Impact: Energy deficit weakens the immune system’s ability

to defend against infections. Reduced calorie intake can lower white blood cell

count, increasing vulnerability to infections, colds, and other diseases.

e. Lower Blood Pressure, Reduced Blood Volume, and Bradycardia: In

severe cases, this can be dangerous for health. A lower number of red blood

cells (due to decreased erythropoietin production) diminishes the body’s ability

to transport oxygen, which impairs aerobic performance.

f. Psychological Issues: Energy deficiency is often accompanied by increased

risk of mental health disorders such as depression, anxiety, eating disorders,

sleep disturbances, and concentration problems [17,20,21].

2. Leptin Deficiency and Its Impact- Leptin is known as the "hunger hormone" and is

produced primarily by adipocytes (fat cells). It plays a crucial role in regulating

appetite, metabolism, and the body’s energy balance. Its levels are closely correlated

with body fat percentage. Leptin functions to influence the hunger and satiety centers

in the brain and regulate the secretion of other metabolic hormones.

a. In the context of energy deficiency, such as from excessive physical activity or

restrictive diets, leptin levels decrease. This drop signals the brain that there is

insufficient energy, triggering hunger mechanisms that aim to restore energy

balance by increasing appetite and lowering metabolic rate. In endurance

athletes who consistently perform prolonged training, leptin levels may remain

low due to chronic energy deficiency.

b. Aside from regulating appetite, leptin affects processes like thermogenesis and

reproductive function. In cases of prolonged energy deficiency and low leptin

levels, the body attempts to conserve energy, which can reduce thermogenesis,

decrease performance, and slow metabolism. Moreover, low leptin levels are

linked to hormonal disruptions, such as reduced estrogen in women and

testosterone in men, which can negatively impact reproductive functions and

bone health.

c. The body compensates for leptin deficiency by increasing the production of

other hormones like ghrelin (which stimulates appetite) and reducing insulin-

like growth factor 1 (IGF-1), which is essential in anabolic processes. These

hormonal changes can disturb metabolic balance, leading to reduced physical

performance and slower recovery.
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d. Over time, persistently low leptin levels can lead to significant negative health

effects, such as muscle mass loss, exhaustion, and an increased risk of injuries

[22].

Analysis of Available Studies

Numerous athletes, dietitians, strength and conditioning coaches, and researchers are trying to

determine which dietary strategy has the most beneficial effect on the health and performance

of endurance athletes. A review of scientific studies indicates that a high-carbohydrate diet is

the best choice, as supported by the following research findings.

According to Hawley JA et al. [23], increasing muscle glycogen levels through a high-

carbohydrate diet, above normal resting levels prior to exercise, has a negligible or no effect

on performance in moderate-intensity efforts lasting 60 to 90 minutes. In these types of efforts,

significant amounts of glycogen remain in the muscles after exercise. However, a higher

initial muscle glycogen level may delay fatigue by approximately 20% during endurance

efforts lasting over 90 minutes. Glycogen supercompensation can also improve performance

in efforts where the goal is to cover the distance as quickly as possible. In such cases, high-

carbohydrate diets have been shown to improve results by 2-3%.

A study conducted on cyclists by researchers from South Africa demonstrated that a

low-carbohydrate, high-fat diet led to adaptations that supported fat metabolism but hindered

carbohydrate metabolism in the body. Despite the increased fat metabolism, it did not

translate into improved exercise efficiency, even after carbohydrate loading prior to the event.

Sprint performance, a key component in cycling races, was worse in the low-carbohydrate

diet group [24].

Another study from the Australian Institute of Sport, involving race walkers,

confirmed that no additional benefits in athletic performance were observed from following a

high-fat, low-carbohydrate dietary model compared to a high-carbohydrate diet. It was noted

that exercise performance at high intensities did not improve after three weeks of training in

the ketogenic group, whereas athletes consuming a high-carbohydrate diet showed significant

improvements in their athletic performance [25].
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These findings consistently support the idea that high-carbohydrate diets enhance

endurance performance and lead to better overall athletic outcomes, particularly in sports

requiring high-intensity efforts or prolonged durations.

Nutritional Recommendations Regarding Carbohydrate Intake forAthletes

The recommended daily carbohydrate intake depends on the type and intensity of physical

activity performed.

1. For individuals performing technical exercises or low-intensity activities, such as light

training, it is recommended to consume 3–5 grams of carbohydrates per kilogram of

body weight daily.

2. For moderate training loads, approximately one hour of exercise per day, the intake

should be 5–7 grams per kilogram of body weight.

3. For athletes performing endurance training (1–3 hours daily at moderate or high

intensity), it is recommended to consume 6–10 grams of carbohydrates per kilogram

of body weight.

4. In cases of extreme sport involvement, such as training sessions lasting over 4–5 hours

per day at moderate or high intensity, the carbohydrate intake may increase to 8–12

grams per kilogram of body weight daily.

In such situations, to ensure adequate carbohydrate availability during training, it is

recommended to consume carbohydrates before, during, and after physical activity, especially

during the recovery period. Once all energy needs are met, carbohydrate intake can be

adjusted according to comfort and individual dietary preferences. Additionally, athletes should

choose carbohydrate-rich foods that are also nutrient-dense.

In the recommendations from the Academy of Nutrition and Dietetics, Dietitians of Canada,

and the American College of Sports Medicine, we can also find aggressive nutritional

strategies aimed at ensuring adequate carbohydrate availability during key training sessions

and competitions, which can improve athletic performance. These recommendations are as

follows:
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● General guidelines for preparation for an event lasting less than 90 minutes suggest

consuming 7–12 grams of carbohydrates per kilogram of body weight daily to meet

energy needs.

● For long-duration efforts lasting over 90 minutes, whether continuous or intermittent,

it is recommended to follow a carbohydrate loading strategy. In this case, carbohydrate

intake should be 10–12 grams per kilogram of body weight daily for 36–48 hours

before the event.

● Athletes should choose carbohydrate-rich foods that are low in fiber and easy to digest,

which will help ensure gastrointestinal comfort and assist in maintaining proper body

weight before the event.

● During the recovery period between intense training sessions that are spaced closely

together (up to 8 hours), a rapid carbohydrate replenishment strategy is recommended.

This involves consuming 1–1.2 grams of carbohydrates per kilogram of body weight

per hour for the first four hours after exercise, and then continuing to consume

according to daily requirements. In this case, sports foods and drinks that provide

carbohydrates can help fulfill nutritional goals. Regular consumption of small snacks

can also be beneficial. [26,27]

Conclusions

The key conclusions regarding the impact of diet on the performance of endurance athletes

are as follows:

1. Low-carbohydrate, high-fat diets lead to a deterioration in exercise efficiency,

meaning that the athlete requires more oxygen to perform the same amount of work.

2. Based on the results of all previous studies on endurance and ultra-endurance

exercises, it can be concluded that a reduction in carbohydrate intake leads to an

increase in fatty acid oxidation. However, even at the highest exercise intensity,

carbohydrates have an advantage over fats as an energy substrate because they provide

more ATP molecules per unit of oxygen available for mitochondria.

3. Long-term adaptation to a high-fat, low-carbohydrate diet, which results in increased

fatty acid oxidation rates, negatively impacts exercise capacity, particularly during

high-intensity exercise.

4. The adverse metabolic changes observed in high-fat, low-carbohydrate diets appear to

be due to disturbances in carbohydrate metabolism, even when glycogen is available.
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Therefore, in elite sports, it would be unreasonable to adhere to a high-fat diet at the

expense of the ability to perform demanding training sessions or high-intensity efforts

during competitions, which would undoubtedly affect the final performance outcome.

[27,28,30]
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