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Abstract

Background: Physiological stress due to physical activity associated with mental stress can affect the responses of the sympathoa-
drenal axis and the hypothalamic-pituitary axis.
Objectives: The present study aimed to investigate the effect of exercise with mental stress on cortisol and alpha-amylase changes
in young men.
Methods: In a quasi-experimental study, 20 inactive healthy men were randomly selected and divided into two groups of exercise
and exercise with mental stress. The exercise group pedaled on a fixed bike at an intensity of 60% of maximal aerobic power for
37 minutes and the exercise group with mental stress received 20 minutes of mental stress (from 12th minutes to 32nd minutes)
during the 37 minutes of pedaling. Salivary samples were collected before and immediately after the end of the exercise.
Results: The exercise had a significant effect on increasing salivary cortisol (P = 0.007) and alpha-amylase (P = 0.01). Exercise with
mental stress had a significant effect on salivary cortisol (P = 0.004) and alpha-amylase (P = 0.04). The exercise and exercise with
mental stress had the same effects on increasing salivary cortisol (P = 0.42) and alpha-amylase (P = 0.83).
Conclusions: It seems that exercise and exercise with mental stress have the same effects on increasing salivary cortisol and alpha-
amylase levels.

Keywords: Mental Stress, Exercise, Cortisol, Alpha-Amylase, Men

1. Background

Many professionals, such as firefighters, police officers,
and even recreational athletes, are subject to physiologi-
cal stress from physical activity coupled with mental stress
from occupational status and exercise. It is suggested that
mental stress is likely to exacerbate the pathogenesis of the
cardiovascular disease. Increased morbidity and mortality
rates in some aforementioned professionals, such as fire-
fighters, police officers, and athletes, may partly reflect the
negative effects of the combination of mental stress and
physical activity on the cardiovascular health of these in-
dividuals (1).

An essential mechanism in the human body is the
activation of the sympathoadrenal axis (SAA) and the
hypothalamic-pituitary axis (HPA) to maintain physiolog-
ical stability and empower the individual against stress
signals (2, 3). Research on the HPA and SAA activity in re-
sponse to human physiological stress is on the rise and
it is generally expected that there is a symmetry between

the structure of the HPA and SAA (4). When a person is ex-
posed to psychological stress and exercise-induced stress,
a chain of reactions occurs involving the responses of the
SAA and HPA (5). The HPA is activated to regulate the active,
metabolic, and immune processes in response to the body
stress. This stress-activated pathway increases the ACTH re-
lease from the pituitary (6).

Exercise is a very effective stimulus for HPA (7). Alpha-
amylase is an indicator of SAA activation and cortisol
is an indicator of HPA activation. Cortisol is a generic
biomarker for analyzing exercise responses in both elite
athletes and normal people (7). Salivary alpha-amylase has
also been shown to be a biomarker sensitive to physiolog-
ical stress resulting from increased sympathetic nerve ac-
tivity. Since salivary gland secretion is controlled by direct
sympathetic stimulation, salivary alpha-amylase has been
suggested as an alternative marker of sympathetic ner-
vous system (SNS) activity, with changes in salivary alpha-
amylase reflecting sympathetic effects on salivary glands
(8).
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The activity of both SAA and HAP reflects changes in
salivary protein concentrations, such as cortisol and alpha-
amylase, which have been studied in several studies dur-
ing exercise competitions (9). Some studies have shown
that salivary alpha-amylase levels after exercise decreased
(10), increased (4), and even remained unchanged (11). For
example, the results of a study by Khazimeh et al. indi-
cated that salivary cortisol and alpha-amylase levels in-
creased as a result of endurance training while salivary
acidity decreased (12). Deneen et al. observed that in the
long-term, cortisol and alpha-amylase productions were
suppressed in athletes (4). Moreira et al. also showed that
cortisol levels increased after professional basketball com-
petition (13). According to the above sentences, psycholog-
ical and physiological stresses can result in SAA and HPA re-
sponses. Therefore, as mental stress can affect cardiovascu-
lar health, in the present study, we tried to investigate the
effects of mental stress during exercise (which is a very ef-
fective factor in stimulating the HPA) on the alpha-amylase
enzyme (an indicator of SAA activation) and cortisol (an in-
dicator of HPA activation).

2. Objectives

Considering the inconsistency among previous find-
ings concerning the effects of mental stress, the present
study aimed to investigate the effect of exercise training
combined with mental stress on changes in cortisol and
alpha-amylase in young men.

3. Methods

In this quasi-experimental study, 20 inactive male stu-
dents from Azad University of Science Research Branch
were selected as the statistical sample. After measur-
ing stress (using state anxiety inventory (SAI)) and aero-
bic power, the participants were assigned into two equal
groups of 10 subjects including exercise (E) and exercise
with mental stress (EMS). It is worth noting that since all
subjects had to perform the aerobic power test, the sub-
jects would be selected from among those who had no
hearing and visual impairment, no history of mental dis-
orders, and having the ability to pedal on a stationary bike
for 37 minutes.

3.1. Inclusion and Exclusion Criteria

In the present study, the inclusion criteria comprised
the lack of regular exercise in the past six months, lack of
hearing and vision problems such as color blindness, his-
tory of mental disorders, and use of drugs and tobacco. The
exclusion criteria were having untoward experience in ev-
eryday life in the past six months, such as a divorce or the
death of kin or relative.

3.2. Aerobic Power Measure

All subjects were advised to refrain from any physical
activity, especially heavy and high-intensity physical activ-
ity, 48 hours before exercise training protocol. Initially, all
subjects completed the health questionnaire and were fa-
miliarized with the test and then in a predetermined ses-
sion, the subjects’ aerobic power was measured using the
Metamax 3B gas analyzer manufactured by German Cor-
tex Company (at Physical Education Faculty of Shahid Be-
heshti University, Tehran, Iran). To measure the aerobic
power, all subjects warmed up for 3 minutes on a Monarch
bike at 25 watts. Then, they started the test at 100 watts
and 50 watts were added every 90 seconds until the sub-
jects reached the maximum heart rate, the respiratory ex-
change ratio of higher than 1.1, and the perception of pres-
sure over 15; in this condition, the test ended and the max-
imum oxygen consumption (VO2max) was determined.

3.3. Exercise andMental Stress Protocol

After one week, on the examination day, subjects in
group E pedaled on a Monarch fixed bike for 60 minutes at
60% of VO2max. Group EMS pedaled on a Monarch fixed bike
for 60 minutes at 60% of VO2max and received mental stress
at the same time (14). Then, exercise and mental stress were
acutely applied for one session. In the present study, men-
tal stress consisted of a modified version of the Stroop test
and mental arithmetic test applied from the 12th minutes
to 32nd minutes while pedaling for 5 four-minutes turns,
each consisting of two minutes of color Stroop stress and
two minutes of mental arithmetic challenge. In the Stroop
test, the color of the word was shown audio-visually to sub-
jects in contrasting fonts for half a second, and the sub-
ject had a half-second time to click the response on the
screen. Subjects were constantly given on-screen feedback
on the accuracy of their actions. When subjects responded
incorrectly, they were alerted by a computer. In the men-
tal arithmetic test, subjects were exposed to dealing with
three-digit mathematical operations and were alerted by a
computer when they answered incorrectly. The next men-
tal challenge was introduced by providing feedback dur-
ing the test (you are slow, others did better) (14).

3.4. Sampling

The subjects’ salivary samples were collected before
the start of pedaling and immediately after the termina-
tion of pedaling. Australian saliva sampling tubes, includ-
ing a centrifuging tube and a cotton roll, were used to col-
lect saliva. Participants held a cotton roll in their mouths
and were asked to put the cotton roll under their tongue
for the first 30 to 45 seconds and then rotate it in the oral
cavity, without chewing or keeping it between their teeth.
After collection, the samples were placed in a centrifuge de-
vice.
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3.5. Statistical Analysis

The Shapiro-Wilk test was used to investigate the nor-
mality of data distribution. Paired-sample t-test and inde-
pendent samples t-test were used to review within-group
and between-group differences, respectively, in cortisol
and alpha-amylase (P ≤ 0.05).

3.6. Ethical Approval

The study was approved by the Ethics Committee of
Central Tehran Branch of Islamic Azad University with eth-
ical code IR.IAU.SRB.REC.1396.70.

4. Results

The demographic characteristics of the subjects are
presented in Table 1. The salivary cortisol and alpha-
amylase levels of the subjects are also presented in Figures
1 and 2, respectively.
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Figure 1. Salivary levels of cortisol in the study groups, Mean and SD.
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Figure 2. Salivary levels of alpha-amylase in the study groups, Mean and SD.

The results of the independent samples t test showed
that there were no significant differences in salivary corti-
sol levels (P = 0.70) between groups E and EMS at pretest;
nevertheless, salivary alpha-amylase levels were signifi-
cantly higher in group EMS than in group E (P = 0.01).

The results of the paired samples t test showed that in
group E, the levels of cortisol (P = 0.007) and alpha-amylase
(P = 0.01) were significantly higher in the posttest than in
the pretest. Moreover, the levels of cortisol (P = 0.004) and
alpha-amylase (P = 0.04) in group EMS were higher in the
posttest than in the pretest (Figures 1 and 2).

The results of the independent samples t test showed
that there was no significant difference in the pretest and
posttest changes in the levels of cortisol (P = 0.42) and
alpha-amylase (P = 0.83) between groups E and EMS (Table
2).

5. Discussion

The purpose of the present study was to investigate the
effect of one session of exercise training at 60% of maximal
aerobic power and one session of exercise training with
mental stress on changes in the levels of alpha-amylase and
salivary cortisol. The results showed that one session of ex-
ercise training and one session of exercise training with
mental stress had significant effects on increasing salivary
alpha-amylase and cortisol. Also, the effects of exercise
training and exercise training with mental stress were sim-
ilar in salivary alpha-amylase and cortisol levels. The ner-
vous system has been reported to respond to mental stress
in two ways, including autonomic nervous system activity
and HPA activity. Evidence suggests that there is an inter-
active system in the upper centers of the brain, including
the cortex, the stem, and the autonomic nervous system,
which can affect cardiac activity. This brain-heart interac-
tion helps the heart respond to stress. The HPA axis is a
central control system that regulates the organ that con-
nects the central nervous system to the body’s hormone
system and helps it respond to increased environmental
demand and maintain vital balance during the physical
and mental challenges (15). During stress, the activity of
the SAA system results in the release of noradrenaline from
the sympathetic nerves and adrenaline and noradrenaline
from the adrenal gland in rapid physiological response via
increased heart rate and blood pressure (16).

Studies also show that the activity of the SAA system
results in the increased secretion of alpha-amylase by sali-
vary glands (17-20). The alpha-amylase assay in the saliva is
a noninvasive method of measuring SAA axis activity (21).
SAA and HPA axis activity generally influences cardiovascu-
lar and metabolic functions in response to different stres-
sors (22). In the present study, the results showed no signif-
icant difference in cortisol changes between exercise train-
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Table 1. Demographic Characteristics of Research Subjectsa

Variable Exercise Exercise with Mental Stress

Age, y 25.2 ± 75.65 25.22 ± 1.56

Weight, kg 72.3 ± 87.15 74.3 ± 50.07

Height, cm 177.2 ± 25.49 178.2 ± 77.94

Body mass index, kg/m2 22.2 ± 75.97 22.1 ± 66.58

Salivary levels of cortisol 0.411 ± 0.11 0.38 ± 0.14

Salivary levels of alpha-amylase 408.25 ± 162.69 608.61 ± 162.79

aValues are expressed as mean ± SD.

Table 2. The Results of Independent Sample t Test to Review the Changes in Salivary
Levels of Cortisol and Alpha-Amylase Between Groups E and EMSa

Variable/Group Change P Value

Salivary levels of cortisol 0.42

Exercise 0.25 ± 0.23

Exercise with mental stress 0.35 ± 0.29

Salivary levels of alpha amylase 0.83

Exercise 193.85 ± 198.80

Exercise with mental stress 229.34 ± 490.71

aValues are expressed as mean ± SD.

ing and exercise training with mental stress groups as an
indicator of HPA axis activity although there was an in-
crease in the parameters of both groups in the posttest
compared to the pretest. Acute stress has shown contra-
dictory effects on cortisol secretion. Consistent with the
findings of the present study, most studies have shown an
increase in cortisol. For example, in the study by Hitrob,
the effect of simultaneous challenge was associated with
an increase in stress hormones (cortisol) (22). Also, the re-
sults of a study by Marioyama showed no difference in sali-
vary alpha-amylase response following Trier Social Stress
Test exposure through electrical stimulation, but cortisol
response was more in females than in males (23). However,
in some studies, no change or decrease in cortisol has been
observed. In this vein, one study meta-analyzed the results
of 208 studies and showed that stressors acted differently
in terms of cortisol increase and HPA axis activation. In-
creased cortisol levels are related to uncontrollable stres-
sors and/or mainly related to threats and social distress
(24). In addition, inconsistencies in cortisol secretion may
be due to personality differences or environmental and ge-
netic variables (25).

Previous research has shown that the intensity of 80%
of maximal oxygen consumption (VO2max) (26) or average
intensity of 70% of VO2max for more than 60 minutes in-
duced an HPA response and cortisol increase. Also, in a

study, it was shown that one session of exercise training at
40 to 60% of the maximal oxygen consumption resulted in
no change or decrease in cortisol (26).

The interpretation of the results of the present study
is accompanied by some limitations; for example, pedal-
ing at 60% of the maximum oxygen consumption at the
laboratory (in vitro) may not be appropriate to simulate
natural exposure to physical stress (in vivo); also, mental
stress may be perceived differently by each individual and
the HPA axis may not be specifically sensitive to the math-
ematical question and color test applied in this study as
mental challenges (27) but other social stressors may be
more effective on the HPA axis (24). Salivary alpha-amylase
from parathyroid glands acts in response to adrenergic ac-
tivity andβ-adrenoceptor suppression (28) and it has been
suggested as an important indicator of mental stress (29).
In the present study, the results showed no significant dif-
ference in alpha-amylase changes between exercise train-
ing and stress training with mental stress groups although
there were increases in both groups in the posttest com-
pared to the pretest. The lack of access to subjects with the
same stress level, small sample, and inability to measure
research variables by ELISA and Western blotting methods
were among the limitations of this research. Nevertheless,
the use of accurate and precise instruments and control-
ling all confounding factors of research were the strong
points of the present study.

5.1. Conclusions

According to the results of the present study, exer-
cise training and exercise training with mental stress had
the same effects on salivary cortisol and alpha-amylase
increase. Therefore, it seems that sympathoadrenal and
hypothalamic-pituitary axis responses are similar to exer-
cise training and exercise training with mental stress.
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