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ABSTRACT

Fatigue resulting from physical and cognitive activities is one of the fundamental
challenges in sports sciences and neurosciences, which can affect an individual’s physical and
psychological performance. The present study aims to compare the effects of physical activity and brain
activity until exhaustion on heart rate (objective physiological response) and perceived exertion of
fatigue (subjective response) in females.

[VETTLE This is a quasi-experimental study on 20 female students aged 25-30 from Alzahra University,
Tehran, Iran, who were selected using a purposive sampling method. They were divided into two groups:
brain activity (n=10) and physical activity (n=10). The physical activity group performed the plank exercise
for 15 minutes or more until reaching fatigue, while the brain activity group performed the Stroop task
for 45 minutes. Borg’s Rating of Perceived Exertion Scale, Falstein et al’s 10-item fatigue assessment
scale, and a Polar heart rate monitor were used to collect data. Perceived exertion of physical and mental
fatigue, and heart rate in each group were recorded before the activity, 5 and 10 minutes during the
activity, immediately after, and five minutes after the end of the activity.

[T The results of repeated measures analysis of variance showed that the heart rate and perceived
exertion of physical and mental fatigue in both groups increased with increasing duration of physical
or mental exercises. The mean heart rate and perceived exertion of physical fatigue were significantly
higher in the physical activity group than in the brain activity group in the fifth and tenth minutes during
the activity, immediately after the end of the activity, and five minutes after the activity (P=0.001). The
mean perceived exertion of mental fatigue was higher in the brain activity group than in the physical
activity group in the fifth and tenth minutes during the activity, immediately after the end of the activity,
and five minutes after the activity (P=0.001).

[T Physical activity until exhaustion mainly increases the physiological load (heart rate) of
females, while brain activity until exhaustion increases their cognitive load (perceived exertion of mental
fatigue). These results can provide a scientific basis for optimizing training programs for women by
balancing between physical and mental loads. Designing effective exercise protocols for women requires
simultaneous attention to physical and mental dimensions of fatigue. This integrated approach not only
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Introduction

ith the improvement of human living

standards, more people have realized

the importance of exercise for health

and have engaged in regular exercise

to maintain their health. Exercise has
a positive impact on the cardiovascular system, both in
the short and long term. However, excessive exercise
may harm the body and cause musculoskeletal injuries,
overtraining syndrome, atrial fibrillation, and decreased
immune function.

Several studies have shown that reduced heart rate vari-
ability (HRV) can be a sign of disorders in the autonomic
nervous system and imbalances in stress responses, which
have a negative impact on cognitive function. Also, the
effect of physical activities and cognitive load on heart
rate and its variability is one of the topics of interest in
recent research. However, since fatigue from physical and
brain activity is a complex and multifaceted concept, and
HRYV has many computable components that have diverse
sources, this complicates the precise biopsychological in-
terpretation of the relationship of physical and brain ac-
tivities with heart rate. Therefore, in recent studies, it has
been emphasized that for better comparison, future stud-
ies should provide new insights into the physiological and
methodological bases of heart rate. Therefore, this study
seeks to assess whether physical and brain activities until
exhaustion affect objective and subjective physiological
responses (Heart rate and perception of mental and physi-
cal fatigue) in women. Also, how do these effects change
during and after exercise?

Methods

This is a quasi-experimental study. The study population
consists of all female students aged 25-30 years at Alzahra
University in Tehran, Iran. Using G*Power software (con-
sidering a test power of 0.8, an effect size of 0.8, and an
error level of 0.05), a sample size of 20 was calculated.
Based on the inclusion criteria (being right-handed, hav-
ing normal or corrected vision, physical and mental health,
not having heart problems such as palpitations, chest pain
or heart failure, and no previous familiarity with perform-
ing the stroke), 20 students were selected using a purpo-
sive sampling method and were divided into two groups of
10 including brain activity and physical activity groups. In
the physical activity group, participants performed stretch-
ing and warming up with activities such as jumping, squat-
ting, lying down, sitting, and standing for 10 minutes to
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prevent physical injury. Participants performed the plank
exercise for 15 minutes or more until reaching the highest
level of fatigue. In the brain activity group, participants
performed the Stroop task for 45 minutes. To collect data,
Borg Rating of Perceived Exertion Scale, Falstein et al.’s
10-item fatigue assessment scale, and a Polar heart rate
monitor were used. Physical fatigue induced by the plank
test, mental fatigue induced by the Stroop test, and heart
rate were recorded before the start of the activity, 5 and
10 minutes during the activity, immediately after, and five
minutes after the end of the activity.

Results

The results of repeated measures analysis of variance
showed that the mean heart rate of the physical activity
group was significantly higher than that of the brain activ-
ity group in the fifth and tenth minutes during the activ-
ity, immediately after, and five minutes after the activity
(P<0.001). The physical activity group had the highest
mean heart rate in the tenth minute of activity and im-
mediately after the end of the activity, but the heart rate
decreased five minutes after the activity.

The perceived exertion of physical activity in the physi-
cal activity group was significantly higher than in the
brain activity group in the fifth and tenth minutes during
the activity, immediately after, and five minutes after the
activity (P<0.001). The physical activity group had the
highest mean perceived exertion of physical activity in
the tenth minute of activity and immediately after the end
of the activity, but five minutes after the activity, the mean
score decreased.

The mean perceived exertion of brain activity in the
brain activity group was higher than in the physical ac-
tivity group in the fifth minute and tenth minutes during
the activity, immediately after, and five minutes after the
activity (P<0.001). The brain activity group had the high-
est mean score in the tenth minute of activity and imme-
diately after the end of the activity, but it decreased five
minutes after the activity.

Conclusion

Although both physical and brain activities lead to fa-
tigue in women, the mechanisms and manifestations of
this fatigue are different in terms of physiological and
subjective factors. Physical activity is more associated
with obvious changes in their heart rate, while brain ac-
tivity mainly increases their cognitive load (subjective
perception of fatigue). These results imply that fatigue oc-
curs not only at the peripheral and muscular level, but also
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at the central and cognitive level. Therefore, a complete
explanation of the phenomenon of fatigue requires a mul-
tifaceted understanding of the interactions between the
central nervous system, psychological regulation mecha-
nisms, and physical components.

This is especially important in conditions such as inten-
sive training, in sports requiring high concentration, or
in rehabilitation interventions. Based on the findings, it
is recommended that a comprehensive and multidimen-
sional approach be adopted in the design and monitoring
of exercises for women by considering both physical and
cognitive loads of the exercise. Also, investigating the
neurophysiological mechanisms associated with mental
fatigue can provide new horizons in understanding the
role of the brain in limiting physical performance and
regulating motor behavior.
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7. Sympathetic (SNS)

8. Parasympathetic (PNS)
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19. Adenosine triphosphate (ATP)

20. inorganic phosphate (Pl)

21. Beta-1 adrenergic receptor

22. Sinoatrial node

23. Rating of Perceived Exertion (RPE)
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24, Hypothalamic-Pituitary-Adrenal (HPA)
25, Corticotrophin-Releasing Hormone (CRH)
26. Adrenocorticotropic Hormone (ACTH)
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