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INTRODUCTION 

The ergogenic role of carbohydrates in responding 

to physiological adaptations, in glycogen reserves 

and energy substrates in human studies has not 

been fully investigated. Some questions remain 

about improving nutrition in the training model to 

increase aerobic performance and reduce stress 

biomarkers [1]. 

In the search for optimizing sports performance, 

several methods have been used in different 

areas of knowledge. These support lines have 

been conventionally called ergogenic resources. 

Ergogenic is any substance or phenomenon 

capable of improving work or performance, based 

on an improvement in an athlete's strength, speed, 

response time or endurance [2]. 

It is known that carbohydrate overload before 

and during high-intensity aerobic exercise 

benefits performance, increasing body glycogen 

stores in athletes [3], but it is not established in 

anaerobic exercise. The low availability of muscle 

glycogen can influence muscle fatigue and 

resistance exercise performance [4-6]. However, 

muscle glycogen stores can be affected by exercise 

mode, training status and a diet or exercise 

procedure for concentrations two to three times 

above normal [7,8]. 

There are several recent relevant reviews of the 

recommended amount of carbohydrate that 

support training and competition [9-12]. Increased 

glycogen storage in the liver and muscles 

maximizes performance, especially in exercises 

requiring prolonged exertion (65 - 75%) of peak 

oxygen uptake (VO2peak) of high intensity exercise. 

The carbohydrate overcompensation protocol is 

based on depletion of muscle glycogen reserves 

through a low carbohydrate diet for few days, 

followed by a carbohydrate overload diet for 

several days [5, 13, 14]. An improvement of 

approximately 50% in the subsequent 

performance of resistance exercise can be 

expected, delaying muscle fatigue [5]. 

The cardiopulmonary or cardiorespiratory or 

ergospirometric, actually carries information 

about the integrity of all systems involved in the 

transport of gases, that is, it involves not only 

cardiovascular and respiratory problems, but 

also neurological, humoral and hematological 
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problems [15]. Basically, the function of the 

cardiovascular and pulmonary systems is to 

maintain the process of respiration and cellular 

nutrition, and one way of assessing this function 

is through direct analysis of the VO2peak and the 

production of carbon dioxide (VCO2), reflecting 

the integrity of these systems, as well as their 

adaptations during exercise [15]. 

Some studies have been carried out to determine 

whether carbohydrate intake leads to improved 

performance, such as glycemic profile, aerobic 

capacity and anaerobic threshold, during high-

intensity anaerobic exercise. It is hypothesized 

that carbohydrate overcompensation protocol 

improve performance in endurance exercise, but 

its role in anaerobic exercise is not fully 

established. 

In this perspective, we aim to characterize the 

carbohydrate overcompensation response and 

compare potential mechanisms underlying this 

phenomenon and estimate changes in biomarkers 

under controlled experimental conditions and 

aerobic capacity in sprinters and MMA athletes. 

METHOD 

Ethical Approval  

Ethical approval was obtained from the Federal 

University of Amazonas and the State University of 

Ceará to carry out the study. All participants 

provided written consent to their willingness to 

participate in the study. 

Type of study and Population 

The research is descriptive and experimental on 

the effects of overcompensation carbohydrate in 

sprinters (n = 9) and MMA athletes (n = 16) in 

the cardiopulmonary exercise test. 

Anthropometry  

Athletes were measured for body weight and 

height. Weight was measured with possible 

minimal clothing on a calibrated scale (Model: 

EF912; BIOLAND) and height was measured 

on a calibrated compact stadiometer (Model: 

2M; MD). The body mass index (BMI) was 

calculated as weight (kg) / height (m
2
). 

Cardiopulmonary Exercise Test 

The sprinters participated in the cardiopulmonary 

exercise test, by direct analysis of the VO2peak, with 

a device called an ergospirometer. The Harbor 

Protocol was used. This protocol was adjusted 

according to the individual's physical profile. 

The relative air humidity, the ambient temperature 

(ºC) and the barometric pressure were measured 

at the evaluation site. 

In addition, the test was accompanied by a 

doctor specialized in sports medicine, equipped 

with equipment, in the event of an accident 

during the test's applicability. At the beginning 

and after the exercise test, blood glucose was 

measured and, during the test, the anaerobic 

threshold was used to verify the influence of 

both measures on the athlete's performance. The 

anaerobic threshold was measured by the 

ergospirometer device through the value of O2 

and CO2 during the test. 

MMA athletes completed each time trial together, 

through the indirect analysis of the VO2peak, around 

an outdoor running circuit (gravel) on an athletics 

track. The race distance was marked between the 

place of departure and the place of arrival, 

testing a 3200m time trial run [16]. The ambient 

temperature was approximately 30.7 °C and 

33.8 °C and the relative air humidity of 66% and 

75% at the time of the running test. 

All subjects were familiar with running before 

performing a climb test to determine VO2peak. 

Blood glucose were registered with a Digital Arm 

Blood Pressure Gauge G-Tech and a Glucometer 

G-Tech at the beginning and at the end of each 

running test.  

Experimental Design 

At the beginning and after the cardiopulmonary 

exercise test the blood glucose was measured 

and during the test the anaerobic threshold was 

used to verify the influence of both measures on 

the athlete's performance (Figure 1). 

 

Figure1. Representation of the experimental model applied in sprinters and MMA athletes. 
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Phases of the Study  

The present study was completed in three distinct 

phases (Figure 1). In the firts phase of the study, 

we collected usual dietary information. In 

second phase, the basal diet was developed for 

adaptation and third phase, was performed the 

carbohydrate overcompensation protocol [3]. 

Phase 1: Usual Diet 

A dietary data questionnaire was provided to all 

participants to determine the energy and nutrients 

in the usual diet. The questionnaire contained all 

possible foods consumed by the athletes. 

Participants were asked to write down all the food 

they had eaten for their main meals and snacks, 

including water, coffee, tea, supplements or 

other drinks and liquids. Participants recorded 

food intake for a week before this research. 

Phase2: Basal Diet 

A basal diet of adaptation was calculated and 

given to athletes. Energy values were calculated 

using the Harris-Benedict equation. 

The basal diet was established with 60% 

carbohydrates, 15 - 20% protein and less than 

25% lipids of the total energy of total calories, 

vitamins and minerals suitable for 100% of the 

Dietary Reference Intakes, 1997-2001, fiber 38 

g/day of adequate intake and cholesterol at 300 

mg/day of the World Health Organization (WHO).  

The basal diet was eaten for six consecutive 

days. On the seventh day, the athletes participated 

in the cardiopulmonary exercise test. The athletes 

maintained a basal diet for 3 weeks until the 

next phase. 

Phase3: Carbohydrate Overcompensation-

induced Diet 

The Carbohydrate Overcompensation-induced 

diet protocol was divided into a carbohydrate 

depletion diet and a carbohydrate overload diet. 

First, the athletes ingested three days on a 

carbohydrate depletion diet with a distribution of 

40% carbohydrates, 30 to 35% proteins and 25 to 

30% lipids of the total calories. The diet was 

enriched with a protein supplement to reach the 

protein percentage. Over the next three days, the 

athletes ate a carbohydrate overload diet with 70% 

carbohydrate, 15% protein and 15% lipid 

distribution of total calories. On the seventh day, 

the athletes participated in the cardiopulmonary 

exercise test. The means ± SD values before and 

after cardiopulmonary exercise test were 

expressed through delta symbol (Δ).  

Statistical Analysis 

Descriptive statistics was used to determine the 

mean and standard deviation (Mean ± SD), 

according to the normality standard (parametric 

and nonparametric variables), applying the 

Kolmorogov-Smirnov test. The significance of the 

differences between the means was determined by 

the Student's t test and the strength of the 

relationships was described by the Pearson product 

moment correlation coefficient. Statistical 

calculations were performed using the statistical 

analysis program GraphPad Prism
® 

version 5.00 

for Windows, GraphPad Software, San Diego, 

California, U.S.A., www.graphpad.com. The 

method was used to verify the degree of 

significance (p < 0.05). All data were reported 

as Mean ± SD. 

RESULTS 

Effects of Carbohydrate Overcompensation 

on VO2peak  

Its physiological and performance characteristics 

are measured in the cardiopulmonary exercise 

test. The VO2peak rate (Δ) between sprinters and 

MMA fighters was not significantly different (p 

> 0.05) (Figure 2). The response of an individual's 

VO2peak rate (Δ) during the cardiopulmonary 

exercise test was found at 55.83 ml kg
-1
 min

-1
 in 

sprinters and 50.73 ml kg
-1
 min

-1
 in MMA fighters. 

 

Figure2. Evaluation of the VO2peak rate (Δ) in 

athletes. Values are means ± SD. p > 0.05 

Effects of Carbohydrate Overcompensation 

on Running Time 

The running time (Δ) for sprinters was 

significantly lower (p < 0.0001) compared to 

MMA fighters (Figure 3A). The response of an 

individual's running time rate (Δ) during the 

cardiopulmonary exercise test to determine 

VO2peak rate (Δ) was found at 8.16 s in sprinters 

and 14.17 s in MMA fighters. 
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Figure3. (A) Evaluation of the running time (Δ) in athletes. Values are means ± SD, ****p < 0.0001; (B) 

Running time (Δ) and VO2peak rate (Δ) correlation test in athletes. Values are means ± SD, ****p < 0.0001. 

A negative linear correlation (r = -0.6931; p < 

0.0001) was found between running time (Δ) 

and VO2peak rate (Δ) in athletes. These results 

show that VO2peak value (Δ) at 52.64 ml kg
-1

 

min
-1

 can be predicted from the level reached at 

a running time rate (Δ)  at 12.06 s (Figure 3B). 

Effects of Carbohydrate Overcompensation 

on Blood Glucose 

The blood glucose rate (Δ) in sprinters was 

significantly higher (p < 0.0001) compared to 

MMA fighters (Figure 4A). The blood glucose 

rate (Δ) response of an individual during the 

cardiopulmonary exercise test to determine 

VO2peak (Δ) was found at 103,4 mg/dL in sprinters 

and 193.2 mg/dL in MMA fighters. 

 

Figure4. (A) Assessment of mean blood glucose rate (Δ) in athletes. Values are means ± SD, ****p < 0.0001; 

(B) Blood glucose rate (Δ) and VO2peak rate (Δ) correlation test in athletes. Values are means ± SD p > 0.05. 

Non linear correlation (r = -0.3707; p = 0.06) 

was found between blood glucose rate (Δ) and 

VO2peak rate (Δ) in athletes. These results show 

that VO2peak value (Δ)  at 52.64 ml kg
-1

 min
-1

 can 

be predicted from the level reached in the blood 

glucose rate (Δ)  at 163 mg/dL (Figure 4B). 

Effects of Carbohydrate Overcompensation 

on Power Profile 

The power profile rate (Δ) in MMA fighters was 

significantly higher (p < 0.001) compared to 

sprinters (Figure 5A). The response of an 

individual's power profile rate (Δ) during the 

cardiopulmonary exercise test to determine 

VO2peak rate (Δ) was found at 918.6 W in 

sprinters and 11190 W in MMA fighters. 

 

Figure5. (A) Evaluation of the power profile rate (Δ) in athletes. Values are means ± SD. ***p < 0.001; (B) 

Power rate rate (Δ) and VO2peak rate rate (Δ) correlation test in athletes. Values are means ± SD **p < 0.01. 
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A positive linear correlation (r = 0.6046; p = 

0.0011) was found between power profile rate 

rate (Δ) and VO2peak rate rate (Δ) in athletes. 

These results show that VO2peak value (Δ)  at 

52.64 ml kg
-1

 min
-1

 can be predicted from the 

level reached on a power profile rate (Δ) at 1100 

s (Figure 5B). 

DISCUSSION 

The aim of this study was to characterize the 

carbohydrate overcompensation response and to 

compare the effect on aerobic capacity in 

sprinters and MMA fighters. Research is lacking 

documenting the effect of carbohydrate 

overcompensation on anaerobic exercise. Our 

results are important because they enabled the 

characterization of the acute physiological 

response and nutritional strategies appropriate to 

training in anaerobic exercises. 

The improvement in the performance of short-

term exercises with the ingestion of carbohydrates 

as ergogenic is not well understood, but it is 

known that nutrition is one of the factors that 

optimizes athletic performance, reducing 

fatigue, allowing the athlete to train for longer, 

or even recover faster. exercise sections [17-19]. 

Depletion of muscle glycogen and low caloric 

dietary intake are invariably associated with 

reduced exercise and possible interruption of 

strenuous exercise caused by muscle fatigue, 

resulting from a decrease in energy reserves [20-

22, 17, 23]. 

VO2peak measurement is determined by the 

increase in blood flow due to the increase in 

cardiac output to the muscles, thus being the most 

widely used measure of cardiovascular 

conditioning [24-26]. In this study, there is no 

difference in the performance evaluated by VO2peak 

rate (Δ) between sprinters and MMA fighters 

submitted to carbohydrate overcompensation. 

Low calorie intake compared to energy needs 

was seen in MMA fighters, which can result in 

fatigue earlier. In addition, these athletes also 

consume an amount of carbohydrates below or 

within the limit (50%) of that recommended for 

non-athletes, which can help to decrease muscle 

glycogen reserves. This is probably because 

athletes who need muscle hypertrophy consider 

protein intake to be more important than 

carbohydrates. 

In the contrast, the sprinters showed a high 

caloric intake compared to energy needs, which 

in turn can also compromise performance at the 

expense of weight gain caused by caloric 

excess. These athletes consume a large amount 

of carbohydrates, which denotes their 

knowledge about the role of sugar in anaerobic 

sport. All dietary parameters were corrected in 

the prescription of the basal diet as a standard 

cutoff point for the group of athletes in this 

study. 

However, our scientific evidence that consuming a 

carbohydrate-rich diet (> 60% of total calories) 

is sufficient to replace the carbohydrate used 

during rest and training. The increase in 

carbohydrate reserves in the liver and muscles 

before and during exercise helps to decrease 

fatigue in a prolonged run and carbohydrate intake 

immediately after exercise quickly restores 

glycogen reserves in the liver and muscles [27]. 

In one study, carbohydrate oxidation did not 

change significantly during exercise, although 

fatigue values tended to be lower (p = 0.069) 

than those observed in the 30 minutes (Angus et 

al and contributors (2002). These results 

corroborate the results that showed a decrease in 

running time (Δ) by sprinters compared to 

MMA fighters, probably due to the fact that 

sprinters train to record time, while fighters train 

muscle strength, a negative correlation was 

found in relation to running time (Δ) in relation 

to VO2peak rate (Δ) of both athletes. This result 

shows that the carbohydrate overcompensation 

influences the increase in VO2peak and, therefore, 

improves performance in the running time. 

A significant decrease in running time was seen 

by sprinters compared to MMA fighters. 

Apparently, sprinters are better conditioned to 

anaerobic exercise than fighters, probably, they 

consume a greater amount of carbohydrates and 

the body improves blood glucose through 

insulin. This increase in glycemia after physical 

activity may be due to the fact that insulin and 

glucagon are more regulated by sympathetic 

activity during exercise than by plasma glucose 

concentration may not change or even increase 

at first hour of exercise [17]. 

At the start of exercise, muscle glycogen decreases 

rapidly, so muscle uptake of circulating blood 

glucose increases markedly during the initial 

exercise stage and continues to increase with 

subsequent exercise, while total carbohydrate 

oxidation remains constant or decreases [3,17]. 

There is no doubt that carbohydrate over 

compensation is an efficient method for making 

tissue energy reserves available, making it an 

ergogenic effect [23]. 

The inability to maintain power or strength 

production during repeated muscle contractions 
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generates fatigue and, consequently, interruption 

of work [24]. This study showed that MMA 

fighters increased the power profile rate (Δ) in 

cardiopulmonary exercise test compared to 

sprinters. In addition, a positive correlation was 

observed in the power profile rate (Δ) and VO2peak 

rate (Δ) of athletes who use the ergogenic role of 

carbohydrate overcompensation without increasing 

the workforce. Sports demands do not necessarily 

seem to be influenced only by carbohydrate intake, 

as glycogen depletion in the sarcoplasmic 

reticulum of the peripheral muscle influences 

calcium flow and impairs muscle contractility 

[29, 30].  

However, hypoglycemia induced by exercise 

has been speculated to be directly related to a 

reduced delivery of glucose as a substrate to the 

brain [31]. The practical implications in sports 

biomechanics, the previous use of carbohydrate 

overcompensation, appear to be a critical role in 

an anaerobic exercise, improving performance, 

especially in sprinters. 

CONCLUSION 

Our results may be important for a therapeutic 

intervention or studies with human beings that 

still need to establish reference values in relation 

to the physiological responses in sprinters and 

MMA fighters. This study suggests a favorable 

result related to increased performance, 

especially in short time, high intensity anaerobic 

exercises, such as sprinters. 
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