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Performing a mental exertion before and during an exercise increase fatigue
indices. One of the important factors in inducing fatigue indices is the type of
mental effort engaged. So, the purpose of the present study is comparing the
effects of performing types of mental exertion during cycling exercise on
fatigue indicators. Methods: 10 cyclist men (with average age 34.5 t 4.5 kg,
height 177 + 4.5cm, peak power output 236 + 36 W) invited for 5 different
sessions. In the first session, anthropometric characteristics and of cycling peak
power output have determined. In the next four sessions, cycling for 45-min at
65% PPO on the cycle ergometer with (Stroop, AX-CPT and PVT) or without
(watching a movie) mental exertion. Rate of perceived exertion and heart rate
were recorded while cycling every 10 min and cortisol concentration was
measured before and 30 min after exercise finished. Two-way repeated-
measures ANOVAs were used to analyzing data. Results: Performing 45
minutes of Stroop mental exertion during cycling exercise increased effort
perception, mental demand in the NASA questionnaire, and cortisol
concentration compared to cycling exercise alone (P<0/05) but there is no
differences between AX-CPT and PVT to cycling exercise alone . Conclusion: The
results of present study showed that performing different mental effort
simultaneously with the cycling exercise depending on the amount of challenge
and their duration may affect some of the fatigue indices.
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Extended Abstract

Fatigue is defined as a psychophysiological symptom that is classified as mental and
physical, and physical fatigue can be classified as peripheral and/or central. The
performance of mental or physical tasks involves common neural pathways originating from
the prefrontal cortex. Mental fatigue is a psychobiological state that defined as an increase
in subjective ratings of fatigue and/or an acute decline in cognitive performance; it is
induced by prolonged periods of demanding mental exertion. Mental exertion refers to the
engagement with a demanding cognitive task. Performing a prolonged mental exertion task
prior to aerobic endurance exercise reduces exercise tolerance.

A lot of studies have shown performing a prolonged cognitive task prior whole-body
exercise and single joint exercise (Leg extension and hand grip exercise) ameliorate
endurance exercise and increase subjective fatigue indices. However, many sports fields
require performing mental and physical task simultaneously but up to date, there is no study
that investigate the effects of performing the cognitive task during a whole-body exercise.

Therefore, this study aimed to compare the level of mental fatigue induced by three
cognitive tasks. It was hypothesized that all cognitive tasks would induce greater mental
fatigue than a control condition, and that response inhibition tasks would induce greater
mental fatigue than a simple vigilance task.

A randomized, counter-balanced crossover design was engaged. Ten recreational male
cyclists (with average age 34.5 + 4.5 kg, height 177 £ 4.5cm, peak power output 236 + 36
W ) patrticipated in this study. They invited for five different sessions to the laboratory. All
participants had no known mental or physical disorders. According to the guidelines of the
university's institutional ethical review board, each participant was informed both verbally
and in writing about the risks of the research and gave informed consent to participate in
the study. The study was approved by the Ethics Committee at Shahid Beheshti University.
In the first session, participants performed an incremental cycling test to determine their
peak power output (PPO), which was defined as the maximum wattage (Wmax). The
cycling exercise protocol was conducted on a cycle ergometer and started at 80 watts (W)
for 3 minutes, and then resistance increased by 40 W every 3 minutes thereafter until

exhaustion (defined as a cadence of less than 60 revolutions per minute (RPM) for more
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than 5 s despite strong verbal encouragement). The Wmax was calculated with the formula:
Wmax= Wout + (/180) x 40 [Wout: workload of the last completed stage; t: time (seconds)
in the final stage]. The cycling ergometer was set in hyperbolic mode (i.e. the workload can
be adjusted in watt) to allow participants to select their pedal frequency between 60-120
RPM. Saddle height was adjusted for each participant before the test and recorded for
following visits.

Upon arrival for each of the four testing sessions, participants completed a questionnaire
related to their motivation for the upcoming tasks as well as a pretest checklist to ensure
adherence to the provided instructions. Participants were then fitted with heart rate
monitors for measurement of heart rate. Briefly, performance, subjective, and physiological
indicators of fatigue were assessed before and at regular intervals following one of three
45-min cognitive tasks or a control treatment. Task performance (response time and errors)
and physiological indicators of fatigue were assessed throughout the 45-min treatments.
Briefly, the stroop task involved presenting colored words (red, blue, green, and yellow) on
a computer screen. In this task, each word was printed in a different ink color, with options
including yellow, blue, green, and red (incongruent word-color combinations). The
participant's objective was to identify and indicate the ink color of the word presented, rather
than considering the meaning of the word itself. In addition, the PVT was also used to
evaluate the effect of mental fatigue on the cognitive performance. The task was as follows:
a red dot was shown in the middle of the computer screen for 500 ms at random intervals
of 2—10 sec for a total PVT. The AX-Continuous Performance Test (AX-CPT), sequences
of letters were continuously presented one at a time on a computer screen. Participants
were instructed to press the right button on the response box for a target trial and the left
button for a non-target trial. The control sessions included watching "When We Left Earth:
The NASA Missions — Episode 6: A Home in Space" (Discovery Channel, USA) on the
same computer screen.

Serum cortisol concentration and psychomotor vigilance task (PVT) were measured pre-
and post-sessions. During the experimental sessions rate of perceived exertion (RPE) and
heart rate (HR) recorded every 10 minutes and directly following the post-PVT, participants

completed the NASA-TLX questionnaire.
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SPSS version 18 was used for statistical analyses. Kolmogorov—Smirnov normality test
was used to determine assumptions of normality. Two-way repeated-measures ANOVAs
were used to analyzing data.

The results of the statistical data showed that cycling exercise have a significant effect on
the perception of effort (P<0.00). Also, the results showed that there is a significant
difference between the sessions in the rating of percieved exertion (RPE)(p<0.00). The
results of the Banferroni test showed that performing Stroop task in 30, 40 and 45 minutes
compared to cycling exercise with PVT, cycling exercise with AX-CPT and cycling exercise
with watching movie (control session) have increased RPE. Furthermore, there was no
significant difference in Rating of percieved exertion between other sessions (P < 0.05).

In addition, the results of the Banferoni follow-up test showed that cycling exercise
significantly increases the heart rate. However, there was no significant difference between
sessions in heart rate (P>0.05). The results of the statistical test showed that the cycling
exercise without mental effort (control session) influences cortisol (P = 0.00). In addition,
performing the exercise of pedaling simultaneously with the mental exercise of Stroop
leads to an increase of 50, 78 and 85% of cortisol. Compared to cycling exercise with AX-
CPT, PVT and cycling exercise without mental effort (F3,9=42.63, P=0.00). However, no
significant difference was observed between the other sessions in the cortisol level.
Furthermore, the statistical test showed that the mental effort of cycling exercise
simultaneously with the mental effort of Stroop (F4,17=26.34, P=0.00), PVT (F4,17=18.34,
P=0.05) and AX-CPT (F4,17=32.15), P = 0.04) there was a significant increase compared
to the cycling exercise without mental effort. Also, a significant difference was observed
between the mental Stroop task session compared to the other two sessions (F4, 17 =
22.28, P = 0.03). Despite the presence of more mental effort in PVT and AX-CPT mental
effort compared to the session of cycling exercise without mental exertion, the difference
between PVT and AX-CPT in the amount of mental effort was not observed (F4, 17 =5.32,
P = 0.32). Also, the results showed that there is no significant difference between other
indices of the NASA questionnaire (F4, 17 =5.66, P = 17.3).

This investigation aimed to answer which types of tasks induce the highest level of mental

fatigue? In general, the results of this study have shown that performing different mental
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exertion during cycling exercise simultaneously can increase the indices of fatigue
compared to the control session (cycling exercise alone) and change rates are depends on
types of mental exertion. Mental exertion changes some common indices between mental
and physical activities. Performing prolonged Stroop task with cycling exercise increases
fatigue indices (rating of perceived exertion, cortisol, mental effort) compared to prolonged
AX-CPT and PVT task and cycling exercise alone (control session). The results of this

studies advise that should consider.
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