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Abstract

Aim: The aim of this study was to investigate the effects of short-term caffeine supplementation
on athletes' electroencephalographic signals during a strenuous exercise session. Methods: This
quasi-experimental study consisted of a female student-athlete aged 24-28 years with at least
two years of experience in sports. From this population, 20 people who voluntarily had the
necessary conditions to enter this study were selected as a sample and were randomly divided
into two groups of 10: experimental group (athlete consuming caffeine supplement) and control
group (athlete taking placebo). And capsules containing caffeine (at a dose of 6 mg / kg body
weight) and starch were consumed by each subject without knowing the contents of the capsule
and one hour before the start of the exhausting protocol. For both groups, Bruce exhausted
exercise protocol was performed to the point of fatigue, which consisted of six to seven three-
minute steps with varying inclination and speed of the turntable. Also, all subjects were
measured brain waves by electroencephalography in three stages (half an hour before caffeine
consumption and one hour after caffeine consumption and after the exhaustion test). Results:
The results of this study showed that a session of strenuous exercise along with short-term
caffeine supplementation in athletes causes significant changes in delta waves in the right
hemisphere forehead and beta waves in the left hemisphere forehead (P <0.05). Conclusion:
Short-term caffeine supplementation before participating in an exhausting exercise activity
session can improve electroencephalographic signals in athletes.
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Extended abstract
Background

Sports activity is done to improve physical performance and in some cases to increase the ability to cope with daily
pressures of life, and participation in sports program improves mental and emotional health (1). Physical activity has
many benefits, including improving cardiovascular health and reducing the risk of chronic diseases (type 2 diabetes,
coronary artery disease, obesity), reducing depression and anxiety, and reducing tension and confusion (2). Research
has shown that high-intensity work causes fatigue, which in turn affects performance (3). The causes of fatigue caused
by exercise can be influenced by physical fitness, individual ability, mental will and energy stored in the body (4).
Fatigue can be central and peripheral. Central fatigue originates from areas in the brain and is defined as the inability of
the central nervous system to call motor neurons during intermittent or long-term aerobic exercise (5), reaching the peak
of sports performance, the main goal. It is athletes and trainers and nutrition is considered a very important factor to
achieve this goal. Although caffeine has no nutritional value, it has attracted the attention of many competitive and non-
competitive athletes as an ergogenic aid (6). The chemical stimulant and alkaloid caffeine belongs to a class of
compounds called methylxanthine and its chemical formula is C8H10N40O2. However, the most common method in
cognitive psychology to assess mental fatigue is the use of electroencephalography (EEG), which measures the
spontaneous electrical activity of the brain. Electroencephalography (EEG) method is the best brain study method
because it is non-invasive and non-radioactive. Therefore, the aim of this study is to investigate the effect of short-term
caffeine supplementation on the EEG signals of athletes during a session of exercise.

Methodology

The statistical population of this research consists of female sports students of Shahid Madani University of Azerbaijan
with the age range of 18-24 years with at least two years of sports experience. After initial evaluations, the subjects
were divided into two groups, caffeine supplement consumption (10 people) and placebo group (10 people) in the form
of a semi-experimental design in a simple random manner. In the first stage, EEG was taken from all the subjects to
check the brain waves of both groups. Then capsules containing caffeine and starch were given to each of the subjects
of two groups in a double-blind manner (one hour before the start of the restorative protocol). In this study, caffeine
was given to the subjects at a dose of 6 mg/kg of body weight (24 ). After taking the supplement, EEG was taken again
to know the effects of caffeine on the changes in brain waves, and in the last stage, both groups took part in a relaxing
exercise, and after completing the exercise test, to know the effects of the activity on brain waves for the third time,
EEG was taken The subjects were asked to refrain from eating ready meals and caffeinated beverages for at least 48
hours before attending the test. After initial evaluations, the subjects were divided into two groups, caffeine supplement
consumption (10 people) and placebo group (10 people) in the form of a semi-experimental design in a simple random
manner. In the first stage, EEG was taken from all the subjects to check the brain waves of both groups. Then capsules
containing caffeine and starch were given to each of the subjects of two groups in a double-blind manner (one hour
before the start of the restorative protocol). In this study, caffeine was given to the subjects at a dose of 6 mg/kg of body
weight (24 ). After taking the supplement, EEG was taken again to know the effects of caffeine on the changes in brain
waves, and in the last stage, both groups took part in a relaxing exercise, and after completing the exercise test, to know
the effects of the activity on brain waves for the third time, EEG was taken The subjects were asked to refrain from
eating ready meals and caffeinated beverages for at least 48 hours before attending the test. The restorative sports
activity protocol included the Bruce test on a treadmill. This exercise test is used for fatigue or mental retardation (25).
This test consists of 6 or 7 stages of three minutes, in each stage, the work pressure is increased by changing the slope
and speed of the rotating tape, so that in one of the stages, the person reaches fatigue and weakness (25). At the end of
the test, the speed of the treadmill was reduced to 3 miles per hour and the incline was reduced to 0%, and the subject
was asked to cool down for 5 minutes. In this test, the total time of performing the protocol was recorded as the time to
reach fatigue of each subject. To collect EEG data, electrodes should be installed on the surface of the skin and
electrically conductive gels should be used in the distance between them. In order to prevent environmental noise in
EEG measurement, at least 30 minutes before data collection, the required equipment was prepared and the participants
were kept in a steady state. The normality of the data distribution was assessed using the Shapiro-Wilk test, and then to
check the possible initial difference between the groups, the pre-test data were compared with one-way analysis of
variance. To determine the effectiveness of the groups over time, the analysis of variance of repeated group
measurements was used.

Discussion and conclusion:

Based on the results of variance analysis of repeated factor measurements in Table 2, only in the values of delta waves in
the frontal area of the right hemisphere and beta waves in the frontal area of the left hemisphere, a significant difference
was observed in the factor of measurement time and group. For further investigation, intragroup comparison of data was
performed using linear repeated measure variance analysis and post hoc comparisons were performed using Bonferroni's
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University
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test (Table 3). By observing significant within-group effects for both groups in the same intervals, taking into account the
presence/absence of intergroup differences in the pre-test data, the amount of corresponding changes in the groups in the
desired intervals, using univariate covariance analysis (taking into account the pre-test data test as a covariate variable)
were compared between groups (Table 4). In the intra-group comparison, the amount of delta waves in the frontal area of
the right hemisphere in the interval after taking the supplement to after exercise and the amount of beta waves in the
frontal area of the left hemisphere in the interval before taking the supplement to after taking the supplement were
significant in the caffeine group. (P>0.05).

Conclusion:

The results showed that caffeine can be used to improve the condition of EEG signals in athletes, but attention should be
paid to the duration of use of this supplement and the dosage. One of the limitations of the present study was the short
duration of the intervention and the lack of control over the amount of sleep and rest of the subjects, so it is suggested to
study the amount of caffeine supplementation in the long term and with more control of the intervening variables in order
to achieve a more definitive result in future studies. The effects of this supplement are more specific.
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