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Introduction
Carbohydrates are the most abundant macromolecules on our 

planet and in living beings; they are composed of carbon, hydrogen 
and oxygen, and fulfill various functions in the living organism, 
of which their metabolic participation as an energy substrate for 
obtaining energy in the form of adenosine triphosphate (ATP) can 
be highlighted. According to Bermúdez et al.,1 carbohydrates are 
organic chemicals widely distributed in nature, and carbohydrates 
are divided into three main groups according to their structures: 
simple sugars (monosaccharides and disaccharides), such as glucose 
or sucrose (glucose and fructose); complex carbohydrates, such as 
glycogen, starch and cellulose, which are multiple conjugated glucose 
molecules; and glycoconjugates, which are modified forms of glucose 
covalently bound to proteins (glycoproteins) or lipids (glycolipids), 
which are involved in important functions, such as immunity, and as 
components of cell membranes.2

Once ingested, carbohydrates are broken down by chewing and 
saliva enzymes that degrade the bonds, turning large molecules 
into small swallows. Gastric juices in the stomach and in the small 
intestine, pancreatic juices, fulfill the function of breaking the 
glycosidic bonds of oligosaccharides, while in the small intestine, 
enzymes sucrase, lactase, galactose, among others, will break the 
bonds between disaccharides to leave loose monosaccharides, to be 
absorbed in the small intestine and transported by the bloodstream 
to the different cells of the body. The way carbohydrates are broken 
down and their glycemic index are important factors to consider in 
athletes’ diets, as they affect energy availability during exercise and 
subsequent recovery.3 

To understand the above, it is important to have a complete 
understanding of how the Krebs cycle develops. This begins with the 
formation of citrate from acetyl-CoA and oxaloacetate. The citrate 
is converted to isocitrate, which is metabolized to α-ketoglutarate, 
producing NADH and CO2. α-ketoglutarate is converted to succinyl-
CoA, producing more NADH and CO2. Succinyl CoA is converted 
to succinate, producing GTP (or ATP) and CoA, then succinate is 
oxidized to fumarate, producing FADH2. Fumarate is converted to 
malate, which is then oxidized to oxaloacetate, producing NADH and 

starting the cycle again, to produce ATP, the body’s energy currency, 
allowing cells to obtain the energy needed to carry out their vital 
functions. The efficiency of these metabolic pathways is crucial for 
physical performance, especially in high-intensity and long-lasting 
activities,4 which not only allows glucose to enter cells, but its activity 
also regulates the efficiency of these metabolic processes, influencing 
the availability of energy during exercise.

Once absorbed, carbohydrates are transported through the 
bloodstream and enter thanks to the presence of glucose transporters 
(GLUT); there are several types of GLUT, each with specific functions: 
GLUT1 is found in almost all tissues and is responsible for basal 
glucose uptake; GLUT2, present in the liver and pancreas, facilitates 
glucose uptake during high blood glucose; GLUT4, predominantly 
in skeletal muscle and adipose tissue, is regulated by insulin and 
plays a key role in glucose uptake during and after exercise.5 Once 
inside the cells, glucose is processed through aerobic and anaerobic 
metabolic pathways that include glycolysis, krebs cycling and 
oxidative phosphorylation. Glycolysis is a vital process for rapid 
energy production in situations where oxygen is scarce.2 Although 
ATP production is less efficient in these areas, its ability to generate 
energy quickly makes it an essential component of energy metabolism, 
especially in sports and high-intensity physical activities.6

Finally, the objective of this research was to carry out a systematic 
review that would allow us to understand how carbohydrate intake 
influences before, during and after exercise, since carbohydrates are a 
primary source of energy for exercise. Understanding how to optimize 
your intake can lead to significant improvements in athletes’ athletic 
performance, post-exercise recovery, and overall health. In addition, it 
can help to personalize nutritional strategies according to the specific 
needs of each type of sport and athlete, resulting in better preparation 
and overall performance, understanding the role of carbohydrates in 
recovery helps reduce the risk of injury and accelerates the recovery 
process after intense exercise. Examining how adequate carbohydrate 
intake can influence an individual’s mood, stress, and cognitive 
function provides an approach that will allow us to comprehensively 
address the importance of carbohydrates as a source of energy, which 
could be applied to improve athletic performance, as well as muscle 
recovery processes. This knowledge can be applied to optimize athletic 
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Abstract

This article highlights the relevance of carbohydrates as the main source of energy for 
performance in sports. It is stressed that the correct intake of carbohydrates before, during 
and after exercise is vital to optimize performance, avoid fatigue and speed up recovery. 
Not only are carbohydrates critical for maintaining energy during exercise, but they also 
play a crucial role in adapting to training and decreasing the risk of injury and overtraining. 
Additionally, it is pointed out that the quality of sleep and hydration are additional 
elements that favor the optimal performance of the athlete. In addition to the influence 
of carbohydrates, lipids and proteins on energy metabolism, underlining the relevance of 
the effectiveness of metabolic pathways for high-intensity activities. It is proposed that 
tailoring nutritional strategies to the particular needs of each athlete can lead to noticeable 
improvements in performance and overall health. Finally, it can be deduced that a correct 
intake of carbohydrates not only impacts physical condition, but also mood and cognitive 
function, underlining the importance of carbohydrates in sports and muscle rehabilitation. 
This knowledge provides a firm basis for practical suggestions based on sports nutrition 
studies.
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performance and improve recovery after physical exertion, providing 
a solid basis for practical and research-based recommendations.

Methods

Search strategy
In this study, an investigation of articles was carried out with 

a systematic review, meta-analysis, contained in the statement 
(PRISMA), with free full texts and publication dates no older than 
5 years, on carbohydrate intake before, during and after exercise as 
a source of energy, a computer search was carried out in PubMed 
(from May 13, 2024 to May 28, 2024), taking as references from 
analysis articles in English and Spanish, using a combination of 
keywords: ‘Carbohydrates’, ‘Energy’, ‘Exercise’, ‘Sport’, ‘Nutrition’, 
‘Metabolism’, ‘Hydration’.

Inclusion and exclusion criteria 

To be more suitable for inclusion and subsequent review, the 
selected articles had to meet the following criteria: full texts, free, 
publication dates no older than 5 years, talk about carbohydrate intake 
before, during and after exercise as a source of energy. The records 
found in PubMed are 43 of which 5 were chosen, which met the ideal 
criteria already described.

Development 

Carbohydrates are the main source of quick energy, for movement, 
growth, tissue repair, and heat production; likewise; When we 
perform a physical activity of more than an hour, it is advisable to 
consume carbohydrates before, during and after exercise, which 
maintains blood glucose and thus achieve the same or greater physical 
performance. Carbohydrates should be present in greater proportion 
in our diet, since their main function is to serve as a source of energy, 
to the central nervous system that only depends on them to perform 
its function; Liver and muscle are responsible for muscle contraction 
and relaxation that produces a movement based on the acquisition of 
energy mainly in carbohydrates. 

Functional chemical groups
Carbohydrates are organic biomolecules and we call them organic 

because they will be composed mainly of Carbon, Hydrogen, Oxygen 
also called Carbohydrates, Carbohydrates or Saccharides, the word 
carbohydrates refers to the sweetness that any of these carbohydrates 
have when they are tasted. They are divided into functional groups 
such as hydroxyl (-OH), aldehyde (-CHO), keto (C=O), ester (-COO-
), carboxylic acid (-COOH), glycosidic acid (R-O-R’) and sulfhydryl 
(-SH). 

Hydroxyl (-OH) is responsible for making carbohydrates more 
soluble in water. Aldehyde (-CHO) is crucial for the formation of 
glycosidic bonds and the chemical reactivity of monosaccharides. 
Keto (C=O) is involved in the formation of complex carbohydrates 
and glycoconjugates, while ester (-COO-) helps form complex 
carbohydrates and glycoconjugates. Carboxylic groups are present in 
modified carbohydrates and their products, such as free fatty acids. 
Glycosidic bonds are formed through the reaction of hydroxyl groups 
on monosaccharides, and sulfhydryl groups can participate in the 
modification and function of glycoproteins and glycolipids. These 
functional groups affect the structure, function, and metabolism of 
carbohydrates, influencing the solubility, reactivity, and formation 
of complex carbohydrates, as well as their interaction with other 
biomolecules.

The energy that carbohydrates give us comes from the nutritional 
cycle of that food pyramid that we have in living beings. They are 
important because they allow us to develop different metabolic 
reactions that have a single purpose: the production of energy, which 
are: 

Monosaccharides
I.	 Glucose 

II.	 Fructose 

III.	 Galactose 

Disaccharides
I.	 Sucrose 

II.	 Polysaccharides 

Carbohydrate sources
It is important to differentiate carbohydrates since not all 

carbohydrates are the same, and neither is the process it exerts in our 
body. 

I.	 Foods with a high GI: these are simple sugars (sugar, jam, fruit, 
etc.).

II.	 Foods with low GI: (pasta, rice, dairy, etc.). 

Let us make it clear that the most important thing is the 
individualization of each of the athletes since each one has different 
weight, height, position and the intensity of the competition is always 
variable according to the importance of the individualization of 
nutrition in the athlete population.7

For those athletes with the goal of losing weight or reducing fat, 
limiting carbohydrate intake can be beneficial during low-intensity, 
long-duration exercise, thus facilitating fat loss while adjusting 
performance to their individual goals, limiting carbohydrate intake 
before selected low-intensity sessions and/or moderating daily 
carbohydrate intake can improve mitochondrial function and fat 
oxidative capacity.8 It is also important to know that nutritionists 
do not make promises of performance as this can affect athletes 
psychologically. As the competitive level increases, the greater the 
intensity at which the efforts are made and the greater the number of 
competitions per season. Therefore, if this expense is not compensated, 
it will directly affect the performance of athletes. The routines of 
food, preparations, quantities and menu are selected directly by the 
nutritionist, who takes into account each player and the training 
sessions carried out before and after a match.
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Carbohydrate digestion and transport
The rapid absorption and good digestion will allow the athlete to 

have energy in training and competition, for this it is necessary to 
have an intake of carbohydrates that provide this quickly and without 
causing damage as stated.9 Carbohydrate intake was found to be 
effective in maintaining technique and improving certain performance 
measures without causing intestinal discomfort,9 in addition to 
that other articles describe that the intake of carbohydrates and 
polyunsaturated fats helps maintain intestinal integrity,10 apart from 
that for endurance exercise, there is a need for new food products that 
are solid but easy to swallow and that provide a large dose of CHO 
without gastrointestinal upset (ingestion of a large amount of sugar 
solution can cause gastrointestinal upset due to its high osmolarity).11

The amount and timing of intake also play an important role in 
optimizing performance and recovery, in this study it is shown that 
the intake of 120 g/h of carbohydrates during a mountain marathon 
can limit neuromuscular fatigue and improve recovery of high-
intensity running capacity compared to lower intakes.12 Performance 
optimization is not only dependent on carbohydrates, it has been 
shown with this study that a protein and carbohydrate intake during 
recovery improves performance compared to carbohydrates alone, 
possibly due to a better nitrogen balance suggesting that protein 
synthesis contributes to better performance the next day.13 As we 
know, carbohydrates are the main source of glucose, which is stored 
in the form of glycogen in the liver and muscles. This glucose is 
essential for maintaining energy levels during exercise, skipping 
a carbohydrate-rich breakfast negatively affects performance in 
high-intensity exercises performed in the afternoon, regardless of 
compensation in food intake during lunch.14

Carbohydrate metabolism
According to Alghannam et al.,15 carbohydrate and fat metabolism 

is tightly regulated during prolonged exercise. Carbohydrates 
are metabolized faster than other molecules in the body, as it does 
compared to proteins that have a slower metabolism period, this can 
favor carbohydrates when used to seek sports performance taking 
into account that the high-protein diet improved fat oxidation, but 
compromises high-intensity performance, while the high-carbohydrate 
diet showed improvements in performance and biomarkers of training 
adaptation,16 although there are studies showing that glucose is 
the body’s preferred energy substrate during endurance exercise. 
Currently, most athletes use high-glycemic index (HGI) CHO for pre-
exercise and/or in-exercise nutrition due to its rapid breakdown that 
dramatically increases blood glucose availability.17

Other studies suggest that the impact on performance may not be 
as effective in all contexts, showing that in order for exogenous CHOs 
to exert their effect as an ergogenic aid, they must be consumed, 
absorbed, distributed, uptaked, and oxidized preferentially over other 
substrates available by skeletal muscle for use in ATP turnover.18 
The consumption of carbohydrates before exercise can cause the 
fat metabolizing pathways not to be activated very adequately, 
compared to fasting, the intake of carbohydrates or proteins before 
exercise affects the oxidation of substrates, but not performance or 
hunger during cycling.19 The metabolization of carbohydrates will 
depend on the intensity and duration of the exercises, as mentioned 
by Rothschild and Plews20. Acute carbohydrate intake reduces fat 
oxidation, improves performance in prolonged exercise but not in 
short exercises.20

When performing physical activity, our muscles need glucose 
to obtain energy in the muscle, during this process they include the 

supply of glucose to the muscle from the capillary bed through the 
interstitium, the transport of glucose to the muscle by GLUT4 and 
the phosphorylation of glucose within the muscle by hexokinase II 
(HKII).21

Importance of carbohydrates in sports
Carbohydrates may be effective for exercise performance and 

recovery, but palatability and gastrointestinal discomfort should be 
considered Karayigit et al.,22 are still essential for athletic performance 
due to their primary source of energy, glucose, which is used to nourish 
muscles and the brain during physical activities which is stored in 
the body as glucose, which helps maintain blood glucose levels and 
provides continuous energy, muscle glycogen content reaches low 
levels at the time of exhaustion, leading to the conclusion that muscle 
glycogen was a key determinant of endurance capacity Noakes23. 
Carbohydrates are also crucial for recovery after exercise, helping to 
replenish glucose levels and facilitate muscle repair. 

Adequate carbohydrate intake can prevent fatigue, regulate 
metabolism and improve endurance in endurance sports, exercise 
capacity with fructose compared to glucose makes total carbohydrate 
oxidation higher with the combination of fructose and Podlogar et al.,6. 
For athletes and active people, it’s important to adjust carbohydrate 
intake based on the type, intensity, and duration of exercise. A balanced 
diet with healthy carbohydrates is crucial for optimal performance 
and good recovery, underlined by research showing that improved 
endurance capacity with a high carbohydrate load, is associated with 
a temporary change in the utilization of stores other than glycogen 
stores and is closely linked to the content of the glycogen store closest 
to actin and myosin (intramyofibrillary glycogen) Jensen et al.,24 in 
addition to the fact that a diet rich in carbohydrates will generate 
better endurance in performance as they point out.25

The mental factor in high-performance athletes plays a crucial 
role for competition and carbohydrates can reduce mental fatigue as 
Zhu et al.,26 (mindfulness intervention together with CHO increased 
mindfulness and improved repeated sprint performance, reducing 
mental fatigue.26 The body may have to resort to less efficient 
energy sources, such as fats, to fuel the body when we have a lower 
carbohydrate intake, this without affecting performance. Delayed 
carbohydrate eating can maintain high rates of fat oxidation without 
affecting performance in high-intensity exercise, although the acute 
effects remain inconclusive.27

As far as possible, each physical activity should be started with a 
diet rich in carbohydrates low in fat and protein, adherence to a low-
carbohydrate diet was associated with lower efficiency and economy 
of exercise compared to a high-carbohydrate diet.28

It is important for an athlete to consume carbohydrates because 
it provides energy to meet the increased energy demand during 
peak week is essential to maximize performance, improve physical 
appearance and facilitate recovery, which is crucial for success in 
bodybuilding competitions Homer et al.,29 also allows muscle recovery 
after physical activity since muscle glycogen is the most important 
source of energy for athletes, as pointed out by María Margaret, 
carbohydrate consumption can improve physical performance, 
particularly for active and healthy individuals. However, the benefits 
of consuming carbohydrates in sedentary people are less evident, 
we must take into account the different diets consumed by different 
athletes, which is why María-Margaret et al., also looked at various 
dietary approaches, such as the Mediterranean diet and the DASH 
diet, which may affect insulin sensitivity and cardiovascular risk; 
indicating that macronutrient composition, including carbohydrates, 
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can have a significant impact on insulin resistance, and in turn 
a higher intake of fiber and unsaturated fats, and a lower intake of 
carbohydrates and sugar improves hepatic insulin sensitivity in adults 
with metabolic syndrome.30

In these studies, positive effects have been found in protein and/
or carbohydrate supplementation since consuming the carbohydrate 
intake of 5 g/kg BM/d is not enough to fully recover muscle glycogen 
24 hours after prolonged exercise. Intakes of 7 and 10 g/kg BM/d 
allow complete recovery Namma-Motonaga et al.,31 carbohydrate 
supplementation after glycogen depletion improved performance 
in some studies Henselmans et al.,32 this intake also improves body 
composition, recovery after exercise since high carbohydrate intake 
is beneficial for fatigue and recovery in ultratrails Arribalzaga et al.,33 
also generates an adaptation to exercise, in addition these supplements 
come with additions of compounds that, according to their distributors, 
improve physical and body condition. Some are really effective and 
others are not, this depends not only on the type and concentration of 
carbohydrates but also on the sporting level at which you are training 
and the individual conditions of each athlete.

The results indicated that carbohydrate solutions have an overall 
positive effect on performance, with variations depending on the 
concentration and type of solution, as well as the fitness level of the 
subjects Bourdas et al.,34 for ultra-endurance athletes it is supremely 
important to have at their disposal a source of carbohydrates of rapid 
consumption and absorption allowing the ingestion of concentrated 
carbohydrate gels during prolonged exercise that promotes the 
availability of carbohydrates and improves the performance of the 
test time Salvador et al.,35 similarly Clark et al.,36 tells us how gels 
and other carbohydrate sources can be used effectively to improve 
performance in prolonged exercise, providing useful information 
for nutritional planning in sport Carbohydrate intake attenuates the 
reduction in critical power during prolonged exercise, providing new 
insights into exercise-related fatigue.

Carbohydrates, of course, provide extra energy, especially in the 
last moments of the game. Rinsing and spitting out carbohydrate 
solutions during exercise can improve athletes’ performance,37 as 
stated by Yang et al.,38 carbohydrate rinsing before exercise improves 
contraction strength in multi-joint resistance exercises, in other studies 
carbohydrate mouthwash was found to improve muscle endurance in 
high-intensity exercise (80% of 1 RM) but not at low intensity (40% 
of 1 RM). It does not affect heart rate, perceived exertion, glucose, or 
felt arousal.22

It is critical to note that carbohydrate replenishment during 
prolonged exercise is essential for performance, proper recovery is 
equally important for maintaining health and improving long-term 
performance. Nutrition in recovery is also very important to minimize 
the risk of injury or unexplained underperformance syndrome (UUPS) 
from overuse. You should consider fuel replenishment (carbohydrates), 
rehydration (fluids), and repair (protein),39 as the main sources of 
energy for muscles during exercise are carbohydrates (CHO) and fats. 
During prolonged exercise, both steady and intermittent, these two 
macronutrients are critical for fueling muscle activity. Exogenous 
carbohydrates, which are those ingested through the diet, play a 
crucial role in regulating the use of muscle carbohydrates during 
exercise, the higher the fiber intake and the better physical fitness, the 
higher the chances of high hs-CRP levels.40

It is important to understand that athletes have to adapt to the 
consumption of carbohydrates so that they do not affect their digestion 
and thus their performance, as mentioned by different studies. 
Carbohydrates in preventing fatigue and improving performance 

during prolonged exercise, increasing carbohydrate intake during 
exercise, and using dietary strategies for gut adaptation have minor 
effects on gastrointestinal status and performance in highly trained 
endurance athletes.41

Exogenous carbohydrates influence athletic 
performance in several ways

I.	 Improved Performance and Endurance Capacity: Carbohydrate 
intake has been shown to have an effect on microecological 
factors that can improve post-exercise performance and recovery 
by modulating energy metabolism, reducing oxidative stress, 
and improving immune function Yang et al.,42 before and/or 
during physical activity and endurance capacity. This is because 
carbohydrates provide a quick source of energy that can be used 
by the muscles during prolonged exercise. 

II.	 Fatigue prevention: Carbohydrate intake helps prevent depletion 
of endogenous carbohydrate stores and hypoglycemia, which are 
factors that contribute to fatigue during exercise. Carbohydrate 
and protein supplementation may reduce post-exercise muscle 
damage, although it does not improve endurance capacity in 
endurance runners.43

III.	 Carbohydrate Oxidation: During prolonged exercise, the 
oxidation of exogenous carbohydrates (such as those ingested 
through sports drinks or gels) can be high, meaning that the body 
can use these carbohydrates efficiently to meet energy demands. 

IV.	 Regulation of Muscle Metabolism: Exogenous carbohydrates 
also play a role in regulating muscle carbohydrate utilization, 
facilitating better performance through the relocation of glucose 
transporters and improving glucose absorption and utilization 
in the muscles. Maintaining adequate blood glucose levels 
is crucial for optimal performance, with trehalose improving 
cycling performance after prolonged exercise and is an adequate 
source of carbohydrates for activities up to 2 hours in duration.44 

Why is hydration important for an athlete? 

During training and tournaments, athletes lose important fluids 
and electrolytes, such as sodium and potassium through sweat, 
therefore, without adequate hydration they could face episodes of 
dehydration with the consequent physical exhaustion, reducing the 
athlete’s performance, dehydration not only affects muscle endurance 
and postural control, but can also increase heart rate and tremor. Thus 
compromising precision and performance in sports that require high 
concentration, such as archery,45 when we talk about sports drinks we 
are not referring to those commonly called “isotonic’’ whose sodium 
intake is lower than necessary and excessive in sugars, drinks with 
carbohydrates and proteins are more effective in restoring endurance 
capacity in athletes with limited time to recover than only water and 
electrolytes,46 it is advisable to hydrate an activity as follows 3 hours 
before the activity, ingest 5 to 7 ml of fluid per kg of weight (for 65 kg, 
consume 455 mml of liquid). The drink should contain carbohydrates 
that provide sustained energy, and sodium that stimulates thirst and 
helps absorb water.

It depends on your level of exertion, the temperature of the day, the 
humidity, your hydration level before the race, etc. The rule is to drink 
before you are thirsty, and there is nothing better than to start hydrating 
the days before to ensure that you will not suffer from dehydration, 
have breakfast with a glass of water, and continue drinking water until 
half an hour before the activity. If the day is hot, do not forget that you 
should drink water every 20 minutes during the activity, to replace 
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the loss of fluids through sweat. And when they are done, they should 
drink more water, however carbohydrate mouthwashes can also be 
used to improve this function as carbohydrate rinses showed a slight 
improvement.50–60

Conclusion 
Carbohydrate intake before, during, and after training is critical 

to ensure that the body has enough energy to perform at its best, 
prevent fatigue, and speed recovery. This allows for better adaptation 
to training and a reduction in the risk of injury and overtraining. 
Carbohydrates are the base of our food pyramid, and therefore they 
should play a main role in our diet, since they are responsible for 
generating energy to be able to develop our daily activity optimally 
and also help us regulate our brain activity. This must be accompanied 
by sleep so that the athlete can have optimal performance, “maintain 
adequate hydration and sleep quality”45 accompanying this with the 
nocturnal restriction of carbohydrates, thus improving fat metabolism 
that can help in weight reduction and sports performance, this being 
important for an adequate intake of other nutrients.47

As a recommendation, it is suggested that food intake be organized 
at times to regulate metabolism and make a better digestion process, 
for example at 7 AM. A meal of 2 or 2.5 gr. of carbohydrates per kg, 
of weight, this guarantees the amount of glycogen for that player. It 
is important to select foods that the athlete is familiar with, dietary 
manipulation affects the gut microbiota and performance. The high-
carbohydrate diet is associated with improved microbial performance 
and stability.48 This is important because gut microbial stability is 
associated with increased endurance performance in athletes who 
perform dietary periodization. Limit the consumption of foods rich in 
sugar, rich in fat, rich in fiber, very spicy or spicy foods and alcoholic 
beverages, we must take into account the flavors and products that can 
generate rejection in players or at the time of their hydration; that is 
why train the digestive system, with time since if a player consumes 
more carbohydrates than he is used to, he could have gastrointestinal 
discomfort during the match; It would be recommended to give an 
amount of 30 to 60 carbohydrates per hour. 

We must understand that carbohydrate consumption depends 
purely on physical activity and the athlete’s position or form of play 
because dietary intake varies according to the level of competition 
and playing position, probably due to different metabolic demands.49 
Likewise, Podlogar and Wallis6 point out, carbohydrate availability 
remains crucial for performance in intensive and prolonged exercise. A 
more personalized approach to carbohydrate intake is recommended.
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