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Abstract Regular exercise is proven to improve
cognitive function. However, the effect of acute exercise
on cognitive function in young adults has not been
established, especially exercise intensity that provides the
most benefit for cognitive performance. Therefore, this
study aimed to assess the effect of a single bout of low and
moderate-intensity aerobic exercise on cognitive function
in young adults. Thirty volunteers (aged 21.08+0.41 years)
were randomized into a control (n=10), low (n=10), or
moderate (n=10) intensity aerobic exercise group. Stroop
color and word test, digit span forward (DSF), and digit
span backward test (DSB) were used to determine
cognitive function at baseline and after exercise for both
exercise groups, or after watching the video of aerobic
exercise for the control group. After the intervention, all 3
parts of the Stoop color and word test were significantly
improved from baseline in all 3 groups (p < 0.05) while
only the moderate-intensity aerobic exercise group had
significant improvement in DSF (p <0.05). In addition, part
1 and part 3 of the Stoop color and word test, and DSF were
significantly improved in the moderate-intensity aerobic
exercise group when compared with the control group
(p<0.05). In conclusion, a single bout of exercise can
improve cognitive function in young adults. In addition,
the moderate-intensity aerobic exercise had greater
improvement in cognitive function which was evaluated by
Stroop color and word test, and DSF compared to the
low-intensity exercise.
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1. Introduction

Cognitive function is one of the important factors that
influence quality of life. People with cognitive decline
had lower ability to perform activities of daily living [1],
and decreased quality of life [2]. Previous studies
suggested that cognitive function, particularly memory
and executive function were both associated with
instrumental activities of daily living impairment, which
consisted of preparing meals, managing medications, and
housekeeping [3]. In addition, cognitive impairment was
associated with an increased risk of mortality [4].

Exercise has been shown to have positive effects on
cognitive function in older adults [5, 6]. Interestingly,
previous literature reported that physical activity was
related to brain activity, cognitive function, and academic
performance in adolescents [7]. Physical activity at a
young age correlated with better cognitive function in
later life. It can be suggested that exercise at an early age
may enhance cognitive reserve, and then reduce
age-related cognitive decline [8].

The study by Kaya et al. [9] showed that regular
exercise 3 days a week for 4 weeks improved selective
attention, verbal fluency, and executive control in young
adults. Although regular exercise is proven to improve
cognitive function, the effect of single-bout exercise on
cognitive function in young adults has not been
established, especially exercise intensity that provides the
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most benefit for cognitive performance. Previous
literature suggested that low-intensity exercise improved
cognitive health in older adults [10]. Wu et al. [11] found
that mild and moderate physical activity improved
cognitive function, rather than high-intensity physical
activity. Smith et al. also showed treadmill running at
high-intensity exercise (90% of heart rate reserve: HRR)
was significantly slower in reaction time than
moderate-intensity exercise (70%HRR) and rest [12]. On
the contrary, Shah et al. [13] reported that one bout of
moderate and high-intensity exercise significantly
enhanced BDNF and working memory in young adults.
However, Davranche et al. [14] suggested that cognitive
performance may not be affected by exercise intensity.
The intensity of exercise is one of the important factors
affecting physiological response to exercise [15].
Nevertheless, the optimized exercise intensity on
cognitive function is still unclear, so the objective of this
study was to compare the effects of a single bout of low
and moderate-intensity aerobic exercise on cognitive
function in young adults. Exercise with optimized
intensity may improve cognitive function in early age, and
contribute to reduce cognitive decline with age.

2. Materials and Methods

2.1. Subjects

The sample size was calculated with an alpha level
being 0.05 and the power of test being 0.80. Based on the
data of the Stroop test from the previous study [16], the
calculated sample size was 8/group. In addition, 20% of
the drop-out rate was added so the total number of
participants was 10/group. Inclusion criteria were male
and female young adults who aged between 18 and 22
years, and were willing to participate in this study. The
participants were excluded if they 1) had any medical
condition, i.e., infectious conditions, neurological,
cardiovascular, respiratory, and orthopedic problems, 2)
engaged in any regular exercise during the last three
months, and 3) had contraindications to perform an
exercise. The participants were recruited in this study
through face-to-face contact. All of them were informed
of the study protocol and possible risks before signing the
consent form. The study protocol was approved by
University of Phayao Human Ethics Committee, reference
number 2/103/61.

2.2. Procedures

Thirty healthy volunteers were simply randomly
assigned into 3 groups by drawing lots, control (n=10),
low (n=10), or moderate (n=10) intensity aerobic exercise
group. The aerobic exercise started with general stretching
for five minutes as a warm-up. After that, the participants
performed 30 minutes of aerobic dance exercise followed
by cool down with general stretching for five minutes.
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Warm-up and cool-down involved upper body and lower
body major muscle groups stretching. The movements of
aerobic dance exercises were applied from Thai dance and
Thai boxing including raising arms sideward, upward, and
downward, step touch, cross punch, uppercut punch,
horizontal elbow strike, knee strike, and kick. The
participants were required to maintain exercise intensity at
57-63 % of maximum heart rate (HRma) and 64-70%
HRmax for low-intensity exercise and moderate-intensity
exercise group, respectively [17]. Heart rate was
monitored throughout the experiment using Polar M430.
The participants in the control group did not perform any
exercises but they were asked to watch a video of aerobic
dance exercise for 30 minutes. All participants took at
least 8 hours of sleep and abstained from caffeine, alcohol,
and smoking at least 24 hours before the investigation.

2.3. Measurements

Executive and memory function were used to determine
cognitive function at baseline and after a single bout of
aerobic exercise for both exercise groups, or after
watching the exercise video for the control group.

2.3.1. Executive Function

Executive function was measured by Stroop color and
word test. Participants were required to 1) read a list of
color words printed in back ink, 2) name the colors
printed in “XXXX”, and 3) name the colors printed in
inconsistent color ink. Participants were asked to read
words or name of the ink colors of each condition as
quickly as possible within 45 seconds, and the number of
items correctly read aloud was recorded [18, 19].

2.3.2. Short-Term Memory and Working Memory

Short-term memory was evaluated by the digit span
forward test, which requires the participants to repeat a
string of digits in the same order. The digit span backward
test (DSB) was used to determine working memory. The
test requires participants to repeat a string of digits in the
reverse order [20].

2.4. Statistical Analyses

The normality of each variable was checked using
Shapiro-Wilk test. The differences within group were
compared using Wilcoxon for non-parametric data, and
the differences in outcomes among the three groups were
analyzed using Kruskal-Wallis test. The data were
presented as mean =+ SD. A p-value of < 0.05 was
considered statistically significant. Statistical analyses
were performed using SPSS version 21.

3. Results

3.1. Descriptive Data of the Participants

Thirty participants completed the study, and no adverse
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events were reported. All of them were studying in the
fourth year of their bachelor's degree, aged between 21
and 22 years, and had normal body mass index (BMI). No
significant differences were found among the three groups
in age, height, body mass, and BMI (p <0.05, Table 1).

3.2. Executive Function

There was no significant difference among the three
groups in Stroop color and word score at baseline. After
the intervention, all three groups showed significant
pre-to-post-intervention improvement in Stroop color and

moderate-intensity group showed significantly higher
scores in conditions 1 and 3 than the control group after
exercise (p<0.05) (Table 2).

3.3. Short-Term Memory and Working Memory

No significant differences in DSF and DSB were found
at the baseline among the three groups. A significant
pre-to-post-intervention improvement in DSF was
observed only in the moderate-intensity group (p < 0.05).
In addition, the moderate group showed greater
improvement in DSF relative to the control group at

word test (p < 0.05). Interestingly, only the post-exercise (p <0.05) (Table 3).
Table 1. Descriptive data of the subjects
Groups
Variables Control Low- intensity Moderate-intensity
(n=10) (n=10) (n=10)
Age (yrs) 21.70 +0.48 21.70 +0.48 21.40 +0.52
Height (cm) 57.80 £4.37 162.60 +6.22 160.00 +6.16
Body mass (kg) 53.90 +10.27 54.20 +9.57 58.00 +44.24
BMI (kg:m?) 21.57 £3.77 20.54 +3.68 2252 £4.70
Data are represented as mean =SD; BMI = body mass index
Table 2. Executive function (Stroop color and word test)
Groups
Test Low- Moderate-
Control (n=10) intensity intensity p-value
(n=10) (n=10)
Conditionl Pre-test 96.70+10.65 94.10 £7.99 101.30 +8.20 ns
Post-test 102.90+10.87 106.00 +8.63 114.10 H2.70 0.02*
p-value 0.01* <0.001* <0.001*
Condition 2 Pre-test 72.30 £10.65 72.40 £7.07 81.70 +£14.16 ns
Post-test 75.50+12.14 80.60 +7.99 88.00 +15.51 ns
p-value 0.01* <0.001* <0.001*
Condition 3 Pre-test 40.70 +8.77 45.20 +5.70 49.20 +8.46 ns
Post-test 46.60+10.48 52.60 +6.29 60.50 +£15.39 0.03*
p-value 0.01* 0.01* 0.02*

Data are represented as mean =SD; ns= non-significant * A significant pre-to-post-intervention at p<0.05. *A significant difference between
the moderate-intensity and the control group at p <0.05.
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Table 3. Short-term memory (DSF) and working memory (DSB)
Groups
Low- Moderate-
Tests Control ) ] ) ] p-value
intensity intensity
(n=10)
(n=10 (n=10)
DSF Pre-test 9.60 +2.95 9.00 +=2.87 12.70 +3.09 ns
Post-test 10.10 +3.73 10.60 +2.72 14.40 +=2.55 0.03*
p-value ns ns 0.02*
DSB Pre-test 9.60 £2.95 9.00 +2.87 11.04 +4.20 ns
Post-test 10.10 +3.73 10.60 +2.72 11.40 +3.84 ns
p-value ns ns ns

Data are represented as mean *SD; DSF = digit span forward test; DSB =digit span backward test; ns= non-significant “A significant pre-
to-post-intervention at p<0.05. *A significant difference between the moderate-intensity and the control group at p <0.05.

4. Discussion

The present study aimed to evaluate the acute effects of
low and moderate-intensity aerobic exercise on cognitive
function in young adults. After single-bout exercise, both
low- and moderate-intensity exercises had a significant
improvement in executive function measured by Stroop
color and word test. Specifically, the moderate-intensity
group showed a significant pre- to post-exercise
improvement in short-term memory measured by DSF,
and greater improvement than the control group in
executive function and short-term memory after one bout
of exercise.

4.1. Executive Function

Although the three groups improved significantly in
Stroop color and word test post-intervention, only the
moderate-intensity group showed a significantly higher
score than the control group after the intervention. These
results suggested that a single-bout exercise with
moderate intensity had greater improvement in executive
function than the low-intensity group. The finding of the
present study is consistent with the previous study which
reported a linear improvement in cognition with
increasing exercise intensity [21]. On the contrary,
previous research found that one session of treadmill
exercise at 70%HRR did not improve cognitive function
compared with the control condition [22].

Ferris et al. reported a significant increase in the color—
word performance after the acute high-intensity exercise
(10% above the ventilatory threshold), whereas the low
intensity (20% below the ventilatory threshold) did not.
Interestingly, the authors found that the higher-intensity
group significantly improved in BDNF concentration
relative to baseline while the low-intensity group did not
show a significant pre- to post-exercise improvement
[23]. Although the mechanism of acute exercise on
cognitive function is still unclear, previous reviews
suggested that brain-derived neurotrophic factor (BDNF)

[24] may play a role in the effects of acute exercise on
cognitive function. BDNF is a neurotrophic factor
involved in neuroplasticity, neuronal growth and survival,
and neuronal transmission [25]. El-Sayes et al. [26]
suggested that acute aerobic exercise increased BDNF and
neurotransmitter concentrations, which contributed to
increased receptor activity. Additionally, acute exercise
may increase neural activity by increasing cerebellar
blood flow, glucose and oxygen metabolism. All of these
may lead to improved cognitive function. The authors also
suggested that neuroplasticity was affected by the exercise
intensity. BDNF is elevated during exercise, and the
increase is  exercise intensity dependent. The
higher-intensity exercise was greater increase BDNF level
compared to lower intensity exercise [23, 26].

Another potential mechanism explaining cognitive
improvements after acute exercise was increased cerebral
blood flow (CSF) which contributes to improving oxygen
and glucose for metabolic functions, and metabolic waste
clearance [25]. Tsubaki et al., also found that cerebral
oxyhemoglobin concentration increased during a single
bout of moderate-intensity aerobic exercise, at least 15
min after exercise cessation [27].

A single bout exercise initiates the neuroplasticity
pathway, while regular exercise stimulates brain structural,
and functional changes [26], which may lead to improved
cognitive function in young adults, and have a beneficial
effect on academic performance, ADL, and decreased
cognitive decline with age.

4.2. Short-Term Memory and Working Memory

The current study found that moderate-intensity aerobic
exercise improved short-term memory whereas low
aerobic intensity exercise did not. This finding
corresponds with a previous study that indicated that one
bout of moderately intense running improved verbal
short-term memory in young adults [28]. Additionally,
Wohlwend et al. suggested that cognitive improvement
after a single bout of exercise is intensity-dependent [21].
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These were inconsistent with the study by Zuniga [29]
which reported that both low and high-intensity acute
exercise can improve memory in college students.
Previous studies showed that a single bout of
higher-intensity exercise had a better effect on 24-hour
memory recall than the lower-intensity exercise group.
Although a single session of exercise increases BDNF
level, the results did not find a significant association
between BDNF and memory [30].

A single-bout exercise has been shown to improve
cognitive  function.  Nevertheless, the biological
mechanisms underlying this effect are still unclear. Future
research should explore the mechanisms underlying this
effect to better understand how acute exercise improves
cognitive function.

In the present study, a single-bout exercise with low or
moderate intensity did not show a clear effect on working
memory. This finding is well in agreement with the
previous study which demonstrated that working memory
was not improved by acute mild or moderate exercise
aerobic exercise [31]. In contrast, Shah et al. [13] found
that a single bout moderately increased working memory
and BDNF levels in young adults. The discrepancy may
be explained by difference in exercise duration. The
exercise intervention in the present study was 30 minutes
while the study of Shah was 15 minutes. It has been
suggested that exercise-induced cognitive improvement
was affected by exercise duration [32]. Prolonged exercise
may result in fatigue and dehydration, and could lead to
decreased cognitive performance [33]. However, exercise
duration for the most beneficial effect on cognitive
improvement is still controversial. Short-duration exercise
has shown no effect on working memory, while 16-30
min exercise showed mixed results, no changes, or
improved working memory [34]. Exercise intensity and
duration are the important factors affecting cognitive
improvement after exercise. Therefore, future research on
dose-response between exercise and cognition should
focus on both exercise intensity and duration.

4.3. Limitations

Since a major limitation of the present study is a lack of
the high-intensity aerobic exercise group, it cannot
conclude that the relationship between exercise intensity
and cognitive function is a linear improvement, or
inverted-U shaped. Another limitation is a small sample
size although it was based on power calculation.
Nevertheless, the present study found that the
moderate-intensity group showed a significant pre- to
post-exercise improvement in executive function and
short-term memory while the low-intensity group only
significantly improved in executive function after the
intervention. Further investigations with high-intensity
exercise, and larger sample sizes are required to confirm
the optimal exercise intensity for improving cognitive
function in young adults.
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5. Conclusions

In conclusion, the present study revealed that a single
bout of exercise can enhance young adults' cognitive
function. In addition, the acute moderate-intensity aerobic
exercise group showed a greater improvement in
executive function and short-term memory relative to the
low-intensity group.
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