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Comparison of Acute Bout of Moderate Intensity and High
Intensity Exercise on Oxidative Stress, Inflammatory Markers
and Neurocognitive Parameters between Male Athletes and
Non-athletes - A Randomized Controlled Study

Keni Gowsi'*, Gopal Krushna Pal’, Karthick Subramanian?

ABSTRACT

Background and Aim: Physical inactivity and resultant obesity are highly prevalent in the
contemporary world. Studies reveal that even an acute bout of physical exercise can bring
about health benefits similar to that of regular exercise. Our study aims to assess the effect
of single acute bout of exercise on cognition, oxidative stress and inflammatory markers
between athletes and non-athletes and to compare the effect of moderate and high intensity
exercise on those parameters. Methods: The study is a double-arm parallel design randomized
controlled study. Eighty healthy male volunteers (40 athletes and 40 non-athletes) were
recruited and further randomized into four subgroups: Athlete moderate-intensity exercise,
athlete high-intensity exercise, non-athlete moderate-intensity exercise and non-athlete
high-intensity exercise. A single acute bout of treadmill exercise was given to all the sub-
groups. Cognitive parameters, oxidative stress and inflammatory markers were assessed
before and after acute bout of exercise and compared between the groups. Results: At
baseline, athletes had reduced oxidative stress and inflammation than non-athletes, which
is evident by increased total anti-oxidant status and decreased leptin in athletes, whereas
no significant changes in cognitive parameters between the groups. In addition, we found
that moderate intensity exercise is superior to high intensity exercise in decreasing inflam-
mation and oxidative stress in both the groups. However, no such changes were observed
with respect to cognitive parameters with different intensities of exercise. Conclusion: A
single acute bout of exercise is sufficient to improve oxidative and inflammatory parameters
in both athletes and non-athletes, whereas cognitive functions does not improve by single
acute bout of exercise.
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INTRODUCTION

Physical inactivity and sedentary lifestyle are the
major risk factors for most of the non-communicable
diseases such as obesity,!!! type 2 diabetes mellitus,?
hypertension,”! coronary artery disease,” and many
others. It has been reported that, worldwide 31.1% of
the adults are physically inactive.®

Sedentary lifestyle leads to obesity, which initiates
the degeneration processes resulting in oxidative
stress and chronic inflammation.” Oxidative stress
reflects an imbalance between production of reactive
oxygen species and antioxidant defence mechanisms'”!
The alterations of the normal redox state of cells
causes cellular and tissue damage leading to aging,
inflammatory, cardiovascular, neurodegenerative
diseases and cancers.” On the contrary, physical
activity is inversely associated with oxidative stress”)

and low-grade inflammation by means of exercise-
induced redox adaptations.!"!

Apart from its health benefits, physical activity has a
positive impact on cognition.!"!! Several human and
animal studies have revealed the neurobiological
mechanisms underlying the impact of physical
activity on cognition.'” Studies have documented
that aerobic exercise is associated with positive
neurological and cognitive outcomes in children and
older adults.* Previous studies have shown that not
only chronic exercise, even acute physical exercise
may improve alertness, processing speed and executive
functions of cognition.

Exercise enhances executive aspects of cognition,
which includes inhibition, working memory and
cognitive flexibility.”®) While some studies reveal
improvement in cognition with both moderate and
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high intensity exercises, contrary findings do exists which reveal that
high intensity exercise may not have beneficial effects on cognition,
rather worsen it and moderate intensity exercises are more beneficial.!""!

There is a paucity in the literature regarding the effect of single acute
bout of exercise on oxidative stress, inflammation and cognition. The
present study aimed to elicit the impact of acute bout of exercise on
oxidative stress, inflammation and cognitive functions in athletes and
non-athletes. We also aimed to explore the effects of various intensities
(moderate and high intensities) of exercise on the above said parameters
in athletes and non-athletes.

METHODS
Setting

The present study was conducted in a tertiary hospital cum research
institute of southern India, JIPMER, Puducherry. The study participants
reported to the Cardiovascular Research Lab in the Department of
Physiology. The lab is equipped with a treadmill, blood pressure, heart
rate and Electrocardiograph (ECG) monitor, a couch for pre and post-
exercise recordings and a computerised software (Cardiosoft) for selecting
the protocol for treadmill test. The room temperature was maintained
between 25°C to 27°C.

Participants

Eighty healthy male volunteers (40 athletes and 40 non-athletes) in the
age group of 18-25 years participated in the study. The athletes were
recruited from the Department of Physical Education and Sports, School
of Humanities, Pondicherry University. The selection criteria for athletes
included the following: the athletes should have undergone supervised
structured physical conditioning training for at least past one year and
should have participated in a regional/national/international sports
athletic event. For our study, we selected different category of players
including football players, hockey players, runners etc., on a random basis.
Age and BMI-matched male non-athletes who had not participated in
the athletic/sports events and not underwent any structured physical
conditioning training in the past year were concurrently recruited for the
study. The study participants were administered “International Physical
Activity Questionnaire (IPAQ)” before performing the treadmill test.
The IPAQ is an objective method to assess the physical activity levels of
the participants.

Subjects with chronic medical illnesses (inflammatory conditions, diabetes,
hypertension, cardiovascular, respiratory or neurological disorders),
comorbid severe cardiac or pulmonary illnesses which prevented them
from performing treadmill test, were excluded from the study.

Study Design

The study was conducted as a double-arm parallel-group randomized
controlled trial (RCT). The study included 80 participants, out of which
40 were athletes and 40 were non-athletes. These two groups were
further randomized into two sub-groups; therefore, there were four
subgroups: moderate-intensity athlete, high-intensity athlete, moderate-
intensity non-athlete, high-intensity non-athlete. The subgroups allocation
was based on the computer-generated block randomization method. The
sample size was 80, with 40 in each group and 20 in each subgroup.

Study Procedure

The Institute scientific advisory committee and human ethics committee
approved the study. A written informed consent was obtained from all
the participants. The subjects were instructed to avoid drinking beverages
and performing vigorous exercises on the day of the procedure. They
reported to the Cardiovascular Research Lab in the Department of
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Physiology, in fasting state at 8 am on the day of procedure. 5 ml of
venous blood was drawn to assess the baseline levels of the inflammatory
markers and total anti-oxidant status. The participants were given a light
meal of equivalent calories and were allowed a brief (30 min) resting
period. Following which, the baseline anthropometric and cognitive
parameters including p300, Visual Reaction Time (VRT) and Auditory
Reaction Time (ART) were recorded. P300 is the Event Related Potential
(ERP), which was recorded using “Neuropack MEB 9200/9300 vs. 08-15"
software in a soundproof lab.

Based on the randomization method, the athletes and non-athletes were
further divided into sub-groups. All the 80 participants underwent
single acute bout of exercise in the computerised motor driven treadmill.
Of which, two sub-groups (includes athletes and non-athletes) performed
moderate-intensity exercise and the other two sub-groups performed
high-intensity exercise in the treadmill based on the Bruce Ramp Protocol.
This protocol is widely used to assess the cardiorespiratory fitness,
consisting of multiple stages with fixed grade and speed along each
progressive stage.

The advantages of using a Bruce Ramp Protocol (BSU) over the standard
Bruce protocol is, the improved ability of BSU protocol to predict maximal
oxygen uptake (VO, max), acceptable exercise test time, more uniform gas
exchange and hemodynamic responses during the exercise test. A
fundamental feature of this protocol is that physical work settings on the
treadmill (i.e., speed and grade) are equivalent at each 3-min period to
the standard Bruce protocol. All these advantages make the BSU/Bruce
Ramp protocol an excellent choice for laboratories desiring to calculate
the VO, max using treadmill.l'"

Heart rate, blood pressure and ECG were continuously monitored
throughout the exercise and recovery period. Blood pressure was moni-
tored by “Suntech Tango,” in which ECG signal and the Korotkoff sounds
were collected by the microphone in the cuff and transmitted to the
software. ECG monitoring was done with the help of 12-lead ECG. The
heart rate of the subjects were maintained between 64% to 77% of
maximum heart rate (HR__ ) in moderate intensity exercise and 77% to
94% in high-intensity exercise. This HR _was calculated from the stan-
dardized formula 220-Age.

Borg’s rating of perceived exertion scale was used throughout the treadmill
test to assess the exertion level of the subject during the test. Once the
subject reaches the target heart rate, exercise was stopped and recovery
period of ten minutes was given, during which heart rate, blood pressure
and ECG were continuously monitored.

After heart rate recovery, five ml of venous blood was withdrawn to assess
the post-exercise levels of inflammatory and oxidative stress markers
and post-exercise levels of p300, VRT and ART were evaluated. The
blood samples were centrifuged and stored at -80°C. The inflammatory
markers and total anti-oxidant status were quantitatively assessed using
ELISA technique.

Statistical Analysis of Data

Data were entered and analysed using SPSS 19.0. Paired ¢ test was used
to compare means before and after exercise. Independent ¢ test was used
to compare means across the groups in normal distribution. One-way
ANOVA was used to compare the means of the subgroups (athletes and
non-athletes of moderate and high intensity) of normal distribution. A
p-value of <0.05 was considered as statistically significant.

RESULTS

Table 1 summarizes the anthropometric parameters of the study and the
control group. No significant differences existed in the anthropometric
parameters between the groups (Table 1).
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Table 2 summarizes the effect of intervention (single acute bout of
exercise) on oxidative stress and inflammatory markers in all the four
subgroups. The baseline and post-exercise values of athletes of moderate
and high intensity were compared with non-athletes of moderate and
high intensity.

We found a significant difference in baseline values of total antioxidant
and leptin between athletes and non-athletes. Athletes had higher values of
total anti-oxidant and lower levels of leptin (pro-inflammatory marker)
when compared with non-athletes at baseline. Total adiponectin (anti-
inflammatory marker) did not differ much between athletes and non-
athletes. When we compare moderate with high intensity exercise, we
found a statistically significant improvement with moderate intensity
exercise in both athletes and non-athletes in total antioxidant and leptin
values. Athletes showed a dramatic improvement with moderate intensity
exercise than non-athletes.

Table 3 summarizes the effect of intervention (single acute bout of exercise)
on cognitive parameters in all the four subgroups.

DISCUSSION

Our results demonstrate that inflammation and oxidative stress are lower
in athletes when compared to non-athletes at baseline. These findings
are in line with previous studies, which states that regular exercise makes
individuals stronger against oxidative stress, increases the activity of
antioxidant defence system and reduces oxidant production.!'”*) Even
though both athletes and non-athletes showed better results with

Table 1: Baseline characteristics of athletes (1=40) and non-athletes
(n=40).

Parameter Athletes Non-athletes P-value
Age (in years) 2345+ 1.67 23.60 + 1.34 0.658
Height (in cm) 169.04 +4.78 170.69 + 6.25 0.188
Weight (in Kg) 67.11 £ 5.99 70.24 + 14.25 0.205
BMI (Kg/m?) 23.49 +2.01 24.09 +4.13 0.414

Data are expressed as Mean + SD. The baseline values of athletes and non-athletes
were compared using independent student’s ‘¢ test. *P<0.05 has been considered
as statistically significant. BMI-Body Mass Index

moderate intensity exercise, athletes showed a dramatic improvement
than non-athletes. Regular exercise also protects against diseases associated
with chronic low-grade systemic inflammation. This long-term effect
of exercise may be ascribed to the reduction in the pro-inflammatory
marker leptin, with single bout of exercise.*"!

In sedentary individuals, the concentration of the protective enzymes
(against free radicals) such as superoxide dismutase and glutathione
peroxidase, are reduced.? In addition, a previous study has demon-
strated a decrease in the non-enzymatic system, particularly ascorbic
acid concentration. These reductions in the protective enzymatic and
non-enzymatic system against free radicals results in increased oxidative
stress in physically inactive individuals. In addition, previous studies
states that increasing amounts of sedentary behaviour were associated
with unfavourable alterations in the inflammatory profile, which
increases the inflammation.!

When we compare moderate with high intensity exercise, we found a
significant improvement in total antioxidant and leptin values with
moderate intensity exercise in both athletes and non-athletes. Our findings
are supported by the studies, which states that moderate intensity exercise
inhibits free radical generation and increases the antioxidant levels®"
and inflammation, while high intensity exercise induces the free radical
generation.”” However, there is a difference of opinion in the literature
while some studies reports that high intensity exercise attenuates oxidative
stress than moderate intensity exercise.?® Whereas, others reason out
that both moderate and high intensity exercises were beneficial.?”*!

Unlike inflammatory and oxidative stress parameters, which improve
with single acute bout of exercise, cognition does not improve with acute
bouts of moderate intensity or high intensity exercise. The reason is that
regular exercise improves cognition by increasing the number of cortical
capillaries, elevating the Brain-derived Neurotrophic Factor (BDNF)
levels, stimulating the neurogenesis and synaptic plasticity, eventually
culminating in enhanced learning and cognitive functions.?**!
To produce all the above said changes, the subject has to undergo regular
physical activity.

Our results are supported by previous studies, which reports that physical
fitness, but not an acute bout of aerobic exercise enhances cognitive
processing.*!! Another study has reported that acute exercise has short-term

Table 2: Comparison of oxidative stress and inflammatory markers between athletes and non-athletes of moderate and high intensity exercises.

Athletes

Parameter .
Moderate Intensity
Pre-exercise 15.57 £ 6.88
Adiponectin
Post exercise 17.80 £ 7.65
Pre-exercise 37.58 + 10.94
Total Antioxidant
Post exercise 38.43 £8.27
Pre-exercise 2.12+1.47
Leptin
Post exercise 1.53+£0.7

Non-Athletes

High Intensity Moderate Intensity High Intensity

18.24 +7.87 15.48 +7.23 16.11 + 7.07
18.23 + 6.80 16.80 + 7.51 17.24 +9.08
27.71* + 8.40 9.62%**% + 1.88 7.78** £ 2.57
27.73* £ 7.41 10.66**** + 1.22 8.77 £ 2.51
3.79* £ 0.51 5.86** £ 1.17 9.25°+2.39
3.29* +0.58 5.40°* £ 1.01 7.82% +1.98

Data are expressed as Mean + SD. One-way ANOVA was used to compare the means of the subgroups (athletes and non-athletes of moderate and high intensity) of

normal distribution. A p-value of <0.05 was considered as statistically significant

The * mark indicates comparison of data of subgroups (high intensity athletes, moderate intensity non-athletes, high intensity non-athletes) with moderate intensity

athletes.

The * mark indicates comparison of data of subgroups (moderate intensity athletes, moderate intensity non-athletes, high intensity non-athletes) with high intensity

athletes.

*P<0.05, **P<0.01, ** P<0.001
# P<0.05

## P<0.01
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Table 3: Comparison of cognitive parameters between athletes and non-athletes of moderate and high intensity exercises.

Athletes
Parameter
Moderate Intensity
Pre-exercise 351.1 (19.85)
P300 Latency

Post exercise 319.65 (12.81)

Pre-exercise 174.75 (10.94) 171.65 (10.64)
Visual Reaction Time
Post exercise 152.8 (14.9) 156.95 (17.53)
Pre-exercise 150.6 (8.64) 148.1 (12.2)
Auditory Reaction Time
Post exercise 131.75 (10.44) 135.25 (11.05)

High Intensity
352.3 (24.25)
321.65 (28.55)

Non-Athletes

Moderate Intensity High Intensity F statistic P-value
351.1 (26.43) 355.9 (29.57) 0.162 0.922
323 (26) 323.2 (26.83) 0.268 0.848
172 (18.7) 174.85 (17.41) 1.467 0.230
153.25 (13.97) 154.80 (15.38) 0.090 0.965
156.5 (19.29) 148.15 (16.14) 0.292 0.831
139.75 (10.34) 135.85 (12.14) 1.771 0.160

Data are expressed as Mean + SD. One-way ANOVA was used to compare the means of the subgroups (athletes and non-athletes of moderate and high intensity) of

normal distribution. A p-value of <0.05 was considered as statistically significant

benefits for processing speed but does not affect other types of cognitive
functioning.®>*! Therefore, it is evident that acute exercise does not
enhance neurogenesis and synaptogenesis significantly. In contrast to
our studies, few articles have reported that single bout of exercise
benefits cognitive processes by improving executive functions and
processing speed.’***!

CONCLUSION

To conclude, our study results shows that athletes had lower oxidative
stress and inflammation in baseline and showed better improvement
following intervention with single acute bout of moderate intensity
exercise than non-athletes. When we compared moderate with high
intensity exercise, we found out that moderate intensity exercise is superior
to high intensity exercise in producing significant changes in inflammatory
and anti-oxidant parameters in both athletes and non-athletes. We also
found that, unlike oxidative and inflammatory markers, cognition does
not improve with single acute bout of exercise in both the groups. Future
studies with a larger sample size are needed to replicate such findings and
explore the influence of exercise intensity on neurocognitive functions.
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