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Sports Training

What is the effect of vigorous exercise on the brain?
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Abstract - Aims: This study aimed to verify whether vigorous exercise is capable of generating mental fatigue. 
Methods: To do so, 16 young adult male (29.4 ± 5.2 years old) cyclists (5.4 ± 4.6 years of training) underwent 
three visits: 1) control session (rest); 2) session with cognitive demand (20 minutes of AX-CPT); 3) session with 
vigorous exercise (10km time trial). Mental fatigue was assessed using the visual analog scale of fatigue in the pre-
and post-session moments. A two-way ANOVA of repeated measures followed by the Bonferroni posthoc was used 
to verify the effect of the condition (control, cognitive demand, and exercise) and time (pre and post) interaction. The 
paired “t” test was used to compare the delta of mental fatigue (post - pre) of the sessions. The partial eta squared 
was used to determine the effect size of the variance. The significance adopted was p < 0.05. Results: A condition 
x time interaction was observed (F (2.30) = 5.349, p = 0.010, partial η2 = 0.263). When comparing the deltas, a 
mean difference was found between the control and vigorous exercise (p = 0.033) conditions and cognitive demand 
and vigorous exercise (p = 0.017) conditions. Control and cognitive demand sessions showed no difference (p = 
0.801). Conclusion: The findings suggest that intense physical exercise seems to cause mental fatigue after practice.
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Introduction

Several factors interfere with physical performance such as 
cardiorespiratory, neuromuscular, technical/tactical, and cogni-
tive skills1,2this comparative study sought to determine whether 
professional road cyclists have superior inhibitory control and 
resistance to mental fatigue compared to recreational road cy-
clists.\nMethods After preliminary testing and familiarization, 
eleven professional and nine recreational road cyclists visited 
the lab on two occasions to complete a modified incongruent 
colour-word Stroop task (a cognitive task requiring inhibitory 
control. All of these variables can suffer losses from the break-
down of the body’s homeostasis due to physical exercise, and 
a known state of fatigue can emerge, the vigorous-intensity, 
causes greater physiological demand when compared to light 
and moderate exercise, thus it can impose fatigue of greater 
magnitude Some theories discuss fatigue models in the sports 
context3and the musculoskeletal system. Moreover, in many 
sports (for example, running and cycling, as a section of the 
literature recently explored mental fatigue as a possible predictor 
of physical performance in sports of endurance4.

Mental fatigue is conceptualized as a psychobiological state 
characterized by feelings of tiredness and lack of energy caused 
by long periods of cognitive demand4,5we examined whether 
error-related brain activity, indexing performance monitoring 
by the anterior cingulate cortex (ACC. In team sports, it leads to 

slower running speed6, shorter distance, worse speed, lower pass-
ing accuracy, ball control7, and decision-making errors815-min 
Stroop task, and 30-min Stroop task. Inhibitory control was 
accessed by the Stroop task (accuracy and response time. In 
cycling, a previous study showed that mental fatigue causes 
increased perception of effort, impairing performance without 
changing traditional physiological markers such as lactate and 
heart rate4. A possible mechanism which explains this effect in 
the exercise was proposed by Martin9, in which he suggests that 
this occurs through the dopamine/adenosine balance in which 
the presence of adenosine makes it impossible to use dopamine 
in the brain, dopamine is also linked to cognition10, this balance, 
in turn, may also causing inhibition difficulties and worsening 
working memory11.

In order to understand the impact of this condition on perfor-
mance, instruments which require cognitive demands through 
sustained attention, inhibition of response, and goal maintenance 
have been used, the most common instruments are computer tests 
the Stroop task,7 and the AX CPT4. In addition, other common 
situations such as using smartphones before exercising can also 
cause this condition12. However, the literature normally inves-
tigates cognitive stimulation prior to exercise12,13, disregarding 
the effects of physical exercise, on mental fatigue. Some studies 
have recently shown that physical exercise can cause mental 
fatigue; for example, Xu15 performed an experimental protocol 
on a cycle ergometer15. Some studies with team sports have also 
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identified mental fatigue, for example, players pointed out mental 
fatigue after a complete rugby match16, while a netball match 
caused similar mental fatigue to 35 minutes of involvement 
in the Stroop task in high-level athletes17, corroborating that 
exercise capacity causes mental fatigue.

Assessing the impact of physical exercise on mental fatigue using 
team sports modalities may present bias due to intervening factors 
because it is an open modality with interminable efforts, it can cause 
different cognitive demands (e.g., decision-making, attention, antic-
ipation)18. On the other hand, the time trial cycling test can provide 
more reliable results considering in which the context is relatively 
stable and controlled in relation to executive functions and cognitive 
demands with a smaller number of variables to be controlled (i.e. pace 
control, concentration in the course)19. Thus, identifying the impact 
of vigorous exercise in this regard can help to create strategies for 
athletes and coaches in order to minimize the harmful effects of this 
condition on performance.

In view of the above, we hypothesize that vigorous physical 
exercise will cause mental fatigue. Given this, the objective of this 
study was to verify the effect of vigorous exercise on mental fatigue.

Methods

Study Design

This is an experimental, randomized cross-over study. Each par-
ticipant performed the evaluation procedures in 3 visits: i) a control 
session which consisted of anamnesis, health evaluation (Physical 
Activity Readiness Questionnaire (PAR-Q), familiarization with the 
visual analog scale and collection of the perception of mental fatigue at 
rest; ii) session with cognitive demand; and iii) a session with vigorous 
exercise, volunteers performed all sessions at the same time as the first 
session. Thus, we used 3 experimental sessions in order to answer 
our objective, with 2 sessions being used as control (control session 

and cognitive demand session), and one exercise session (exercise 
session) had similar intervention procedures, except for interventions 
that were specific to each condition. If the participant did not attend 
one of the sessions or did not answer any protocol of this research, 
he was excluded from the analysis. The subjects answered the visu-
al analog scale before and after the interventions (rest / AX-CPT / 
TT10km). The sessions with cognitive demand and intense exercise 
were randomized and balanced. The minimum interval between each 
visit was 48 h. The participants were instructed to refrain from using 
caffeine, tobacco, or alcohol, as well as to not perform moderate and/
or vigorous physical activity 24 hours before each visit.

Participants

A total of 16 volunteers who participated in the study, considered 
recreational cyclists, with the characteristics described in Table 1. 
Figure 1 describes the study flowchart. The eligibility criteria were: 
(1) Male individuals; (2) age between 18 and 40 years; and (3) travel 
at least 50 km per week.

Table 1 - Description of sample characteristics and exercise session (n = 16)

Variables Mean (CI 95%)

Age (years)  29.4 (26.14; 32.15)

Body fat (%)  22.1 (17.79; 26.40)

Years of experience  5.4 (2.21; 7.62)

Weekly frequency (days/week)  3.5 (2.93; 4.64)

Weekly volume (km/week)  123.8 (95.52; 165.91)

Maximum power (watts)  274.2 (249.52; 307.22)

Note: CI = Confidence interval

All participants signed the consent form to participate in 
the study. The study was approved by the institutional ethics 
committee (CAAE: 2.444.566/2017).

Figure 1 - Study flowchart
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Procedures/Instruments

Visual Analog Scale (VAS)

A visual analog scale was used in this study to check mental 
fatigue (pre and immediately after). The VAS is a one-dimen-
sional scale with eleven points ranging from 0 to 10. During 
each session, the participant was instructed to point out a number 
that represented their mental fatigue at the time, with zero rep-
resenting no fatigue and ten representing the greatest possible 
mental fatigue. The numerical descriptors used were: 0-2 “no 
fatigue”, 2-4 “light fatigue”, 4-6 “moderate fatigue”, 6-8 “strong 
fatigue”, and 8-10 “extremely fatigued”20–23impaired function, 
and greater disability. It was aimed to explore the effect of the 
presence of FM on fatigue in patients with PsA comparing with 
controls.\nMethods: Fifty patients with PsA and 34 sex-age 
matched controls were enrolled. In patients; pain was assessed 
by Visual Analogue Scale, disease activity by DAS-28, enthesitis 
by The Leeds Enthesitis Index. Fatigue level of all participants 
was evaluated by Multidimensional Assessment of Fatigue. In 
all participants, FM was determined according to 2010 American 
College of Rheumatology criteria.\nResults: Seventeen patients 
with PsA (34%. This scale was chosen mainly to facilitate the 
measurement after the intense exercise

Control Condition

The participant remained at rest in the supine position for 
20 min, and the resting heart rate was checked (HRRep). The 
instructions given were to not fall asleep, not communicate, and 
not move during that time. The lowest HR value was assumed 
to be HRRep. This time was determined due to the same duration 
of the cognitive control test.

Cognitive Demand Condition

The cognitive demand was caused by the AX-Continuous 
Performance Task (AX-CPT) for 20 min. It is an attentional test 
capable of increasing cognitive demand4. The inclusion of this 
cognitive task served as a control for mental fatigue, considering 
that it seems to occur 30 minutes into participating in this task, 
while 20 minutes of this test would increase the cognitive load, 
however it would not cause mental fatigue13.

In the AX-CPT, each stimulus stays in the center of the 
screen for 250 ms, with an interval of 1000 ms in between 
each one (Figure 2). Participants were instructed to press “2” 
on the keyboard whenever a letter showed up, except when 
the letter “X” was preceded by the letter “A”. In this case, 
participants were told to press “3”. Any other response was 
considered an error24. This test consists of 120 stimuli in the 
following proportion: 70% A-X (84 tasks), 10% B-X (12 tasks), 
10% A-Y (12 tasks), and 10% B-Y (12 tasks). We used the 
E-prime v.1.2 software (Psychological Software Tools Inc) 
program for the test.

Vigorous Exercise Condition

A 10 km time trial protocol (TT10km) was used on the cy-
closimulator). Before starting, the subjects were free to adjust 
the height and distance of the ergometer saddle and handlebars 
(Velotron ™ - RacerMate®, Seattle, WA, USA. Pre-calibrated) 
The test previously included five minutes of warm-up with load 
and self-selected cadence. Participants were instructed to cover 
the 10 km in the shortest possible time, being allowed to control 
power (watts) and cadence throughout the session, they were also 
aware of the distance traveled. All participants received verbal 
incentives each 2km, in a standard way in order to perform the 
test with the best physical performance (i.e let’s go; i.e. keep 
the pace; i.e.speeds up).

The reserve heart rate was used as an intensity marker (HRRes), 
is calculated from the formula: HRRes = HRMax - HRRep

25. The 
reserve heart rate intensity percentage was verified through the 
mean of the HR during the TT10km using the formula (HRMean 
- HRRep) / (HRRes x 100)26,27. In addition, to ensure vigorous 
execution,%  HR and power was monitored throughout the 
course, if there was a marked decrease in these variables, the 
subject was oriented to increase the effort. A cardiac monitor 
RS800CX, Polar®, Finlândia, was used in all sessions.

Statistical analysis

The data normality was verified by the Shapiro-Wilk test, 
and asymmetry and kurtosis were used to test the normal 
distribution. The results are expressed as mean and standard 
deviation according to a 95% confidence interval. A Two-way 
ANOVA of repeated measures accompanied by the post hoc 
Bonferroni test was performed to verify the effect of condition x 
time interaction of VAS. The partial eta squared (partial η2) was 
used to verify the variance effect size of ANOVA of repeated 
measures. The normality of the residuals was verified by the 
normal Q-Q graph. The paired t-test was used to compare the 
delta of mental fatigue (post - pre) of the sessions. The data 
were analyzed using the SPSS® version 20.0 program (IBM, 
Inc., Chicago, USA). An alpha level of p <0.05 was used to 
determine statistical significance.

Results

The statistical power calculation was carried out a posteriori. 
Differences between VAS were conducted to determine the 
attained power based on the size of the investigated sample, an 
alpha of 5%, and the obtained effect size. The obtained power 
for the group effect analysis was 85% (3 conditions, 2 times). 
The TT10km lasted on average ± SD 20.28 ± 3.1 minutes, with 
medium intensity ±SD of 84.5 ± 12.36% of Heart rate reserve.

When comparing the three conditions (control, cognitive 
demand and exercise) in two moments (pre and post), the Two-
way Anova identified interaction condition * time (F (2.30) = 
5.349, p = 0.010, partial η2 = 0.263), as well as a difference 
in time (F (1.15) = 21.793, p = 0.000, partial η2 = 0.592). No 
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difference was found between the conditions (F (2.30) = 1.989, 
p = 0.154, partial η2 = 0.117) (Figure A).

The post hoc test revealed an average difference between the 
times, with increased mental fatigue in the three conditions, control 
(0.813 ± 0.256; p = 0.006), cognitive demand (0.750 ± 0.250; p = 
0.009) and exercise (1.775 ± 0.407; p = 0.001). When comparing 
conditions, the only difference identified was in the time between 
cognitive demand and exercise conditions (1,000 ± 0.329; p = 0.025). 
The other conditions showed no significant difference (p>0.05).

When analyzing the delta of the conditions (post - pre), an 
average difference between the control and exercise conditions 
(p = 0.033) was found to be 0.96 ± 1.63 with a standard error 
of the average of 0.40 and confidence intervals of 95% (0.09 to 
1.83). In addition, a mean difference in the cognitive demand 
and exercise conditions (p = 0.017) of 1.02 ± 1.51 was observed 
with a standard error of the mean of 0.38 and 95% confidence 
intervals (0.21 to 1.83). Control and cognitive demand sessions 
showed no difference (p = 0.801) (Figure B).

Discussion

This study aimed to verify the effect of cognitive demand 
and exercise intensity on mental fatigue. The study hypothesis 
was confirmed, as intense physical exercise caused a mild mental 
fatigue condition. Our main result was greater mental fatigue in 
the post-exercise moment, as well as a greater variation pointed 
out by the greater delta in the exercise session when compared 
to control and cognitive demand, while the control and cognitive 
demand conditions did not differ. In this sense, our findings 
suggest that vigorous endurance exercise can negatively im-
pact the brains causing mental fatigue in its practitioners at the 
end and after vigorous exercise, so everything that the mental 
fatigue condition causes can be associated with a post-exercise 
condition (i.e. difficulty with inhibition and concentration, or 
low motivation)9.

The results of the present study are in agreement with the 
findings of Xu15, who verified the effect of different exercise 
protocols performed on a cycle ergometer on brain waves (elec-
troencephalography), identifying that the exercise generated an 
increase in the beta band and the alpha/beta band ratio linked to 

mental fatigue. These findings were also similar to those found 
in studies that used subjective instruments to measure mental 
fatigue. In the studies by Russel et al.17 and Maschiko16, higher 
levels of mental fatigue were identified after 60 minutes of par-
ticipation in a netball match and after a complete rugby match, 
respectively (VAS and POMS). Considering these results, it is 
important to emphasize that although cyclical endurance sports 
and team sport modalities present differences in physical stimuli 
(e.g., motor coordination, balance, speed, cardiorespiratory 
fitness) and cognitive stimuli (e.g., decision-making, attention, 
anticipation)18, the effects on the process of developing mental 
fatigue were similar.

This mental condition at the end of exercises can be common 
in several modalities with similar physiological demands and 
intensity28,29midfielders, forwards and wingabcks. A possible 
explanation for these results can be supported by the theory 
of the central governor30 by which fatigue is caused, mainly in 
aerobic exercises, being signaled by the brain acting to preserve 
the body’s cellular homeostasis31,32. Trying to add to the pre-ex-
isting knowledge, we suggest that the specifics of mental fatigue 
(i.e. energy synthesis, cortical activation) occur in exercise as 

Figure 2 - (A) Behavior of mental fatigue (pre and post-control sessions, cognitive demand, and exercise). Note: (Φ) and ($) p <0.05 difference from the pre and 
post moments in the control and cognitive demand sessions, respectively. (#) p <0.05 compared to the pre-exercise and post-session cognitive demand. VAS = Visual 
Analog Scale. (B) Delta of mental fatigue. Note (*) p <0.05 compared to the control; (**) p <0.05 compared to cognitive demand. VAS = Visual Analog Scale
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the brain’s first signal to preserve the human body. Therefore, 
intense exercise possibly causes a change in the dopamine/
adenosine ratio in the brain9.

A possible physiological explanation of how this mechanism 
works may be due to the lactate/dopamine/adenosine ratio9,33,34. 
Aerobic exercise causes an increase in blood lactate, which in 
turn can increase the production and concentration of extracel-
lular dopamine34, meaning that when the lactate concentration 
increases, the dopamine concentration also increases. This 
consequently requires the use of D1 receptors which results 
in adenosine production during exercise33. It is possible that 
the exposure time to exercise increases adenosine production, 
decreasing dopamine synthesis in the brain, and consequently 
triggering mental fatigue9. Thus, the appearance of mental fatigue 
in vigorous-intensity efforts has been observed17,35. Caffeine and 
carbohydrates prove to be effective tools to alleviate this con-
dition, improving physical performance and alleviating mental 
fatigue36,37, possibly due to the caffeine cell structure which 
inhibits adenosine38. We emphasize the difficulty of obtaining 
direct measures of these mechanisms, and also the need to de-
velop technologies that enable understanding this phenomenon.

Therefore, our study identified intense exercise as mentally 
stressful. In doing so, the implications associated with this con-
dition such as the increased perception of effort and worsening 
performance in this condition must be assumed 4. Furthermore, 
strategies that can help avoid this condition or minimize its 
effect, especially at the end of a race, must be used to maintain 
the athlete’s physical performance. In addition to controlling the 
pre-exercise cognitive load (i.e. using smartphones) which can 
accelerate the condition of mental fatigue, the administration of 
caffeine or carbohydrate from the end of the endurance test is 
also suggested to mitigate the harmful effects of this condition.

A limitation in this study was the low/moderate level of 
physical conditioning of the sample, considering that highly 
physically conditioned adults have greater resistance to metal 
fatigue 1this comparative study sought to determine whether 
professional road cyclists have superior inhibitory control and re-
sistance to mental fatigue compared to recreational road cyclists.\
nMethods After preliminary testing and familiarization, eleven 
professional and nine recreational road cyclists visited the lab on 
two occasions to complete a modified incongruent colour-word 
Stroop task (a cognitive task requiring inhibitory control, which 
can be a variable that interferes with the result. Understanding 
fatigue and physical exercise as a complex phenomenon but with 
similar physiological demands in several modalities, especially 
in sports with high cardiorespiratory demand is necessary, and 
therefore further studies are indicated with tools which can help 
in identifying mental fatigue (i.e. EEG) and constitutes an area 
which can enable optimizing performance in various sports 
(e.g., running, football, rugby, and basketball).

Conclusion

Intense physical exercise impacts the mental fatigue of 
cyclists. Coaches must be attentive and provide strategies that 
mitigate the harms of this condition, aiming toward maintaining 

physical performance in an endurance race considering the 
detrimental effect of this condition on performance.
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