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Abstract

Purpose: Stretching exercise and gymnastics both have beneficial effects,
such as improvement of autonomic nervous system activity and mood. Addi-
tionally, studies on the effects of exercise on cognitive function have been
conducted covering a wide range of age groups and have attracted much at-
tention. However, conventional studies have set up programs with imple-
mentation times of 20 to 30 minutes. Therefore, shorter stretching programs
are needed in order to fit them more easily into one’s free time. We examined
the effects of a short 7-minute stretching gymnastics regime on the autonom-
ic nervous system activity and cognitive function in 21 healthy participants.
Methods: In this study, the participants performed a 10-minute cognitive
task, followed by either Stretch Well Gymnastics, Stretch Band Gymnastics,
or Radio Gymnastics sessions on different days. The participants then per-
formed the cognitive task again. Heart rate was measured continuously
throughout the experiment and we analyzed the heart rate variability. The
cognitive tasks completed by all of the participants were evaluated for inhibi-
tory control and cognitive flexibility. Results: A significant increase was
shown in the sympathetic nerve activity during the Stretch Well Gymnastics,
compared to the Radio Gymnastics and Stretch Band Gymnastics. Parasym-
pathetic nerve levels were significantly increased after the gymnastics, com-
pared to during the gymnastics, although there were no significant differences
between any of the tasks. Additionally, in both the Stroop task and the num-
ber-Letter task, reaction times were faster in all of the sessions. In particular,
the Stroop task showed the highest values for the Radio Gymnastics sessions,
with marginally significantly lower scores for the Stretch Well Gymnastics
sessions. Conclusion: The results showed that these heart rate variability
responses supported the effects of autonomic activity associated with conven-
tional low-intensity exercise. Additionally, stretching gymnastics for less than
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10 minutes showed a positive effect on inhibitory function and cognitive
flexibility.
Keywords

Stretching Gymnastics, Autonomic Nervous System, Cognitive Function,
Stretch Well Gymnastics

1. Introduction

The objective effect of mild-to-moderate intensity exercise on positive mental
health can be seen from physiological indices. Studies focusing on the autonomic
nervous system function have shown that the sympathetic nervous system is ac-
tivated during exercise and the parasympathetic nervous system is activated after
exercise. For example, it has been reported that at the onset of exercise, the pa-
rasympathetic nervous system is inhibited before the sympathetic nervous sys-
tem is excited [1]. It has also been shown that light-intensity exercise results in
more rapid recovery of the parasympathetic nervous system during the post-ex-
ercise recovery period, compared with high-intensity exercise [2].

While verification of the effects of the autonomic nervous system activity as-
sociated with such exercise has been conducted in the past, recent studies show-
ing the effects of exercise on cognitive function have been conducted in a wide
range of age groups (from children to the elderly) and have attracted much at-
tention. In particular, it has been shown that acute exercise improves executive
function, one of the cognitive functions, but relatively few studies have examined
the effects of aerobic exercise on executive function using treadmills or cycle er-
gometers. In studies conducted with children around 9 years of age, employing
20 minutes of aerobic exercise on a treadmill [3] [4] and a 20-minute cycle er-
gometer [5], the results showed that correct responses to the Flanker task, which
assesses inhibitory function, one of the executive functions, increased and the
authors reported that reaction times were shorter. In addition, in a study using a
Stroop task to assess inhibitory function, it has been shown that 15 minutes [6]
of aerobic exercise on a treadmill in children shortened the reaction time of the
Stroop task and contributed to an increase in inhibitory functions. Furthermore,
it has been reported that running or walking on a treadmill temporarily increas-
es cognitive flexibility [7] and working memory capacity [8]. This is also true in
the elderly, where a relationship between cognitive function and physical activity
has been found with resistance exercise [9] [10]. Other studies have shown that
moderate-to-high intensity exercise such as cycling [5] [11] increases executive
function.

Although many of these studies have examined moderate-intensity aerobic
exercise as the primary exercise task, some studies showing the relationship be-
tween exercise intensity and cognitive function have reported that low-intensity

exercise promotes cognitive improvement [12] [13]. This indicates that even a
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low-intensity exercise load may be effective in improving cognitive function.
Even low- to moderate-intensity exercise may cause a subject to feel fatigued,
depending on its content and duration. On the other hand, stretching exercises
have been reported to have beneficial psychological effects, such as reducing
stress reactions and improving mood [14] [15]. However, conventional studies
have set up programs with implementation times of 20 to 30 minutes. Therefore,
shorter stretching programs are needed in order to work more easily in one’s
free time. At this stage, there are still few studies that have clarified the effects of
brief stretching exercises or gymnastics on cognitive function, and few studies
have measured the autonomic nervous system activity during the performance
of post-exercise tasks to verify their effects.

In this study, we examined the effects of a short 7-minute stretching gymnas-
tics regime on autonomic nervous system activity and cognitive function. The
cognitive function was evaluated in terms of the higher cognitive function,
which is part of the executive function that controls inappropriate behavior (in-

hibitory function) and switching (cognitive flexibility) in order to achieve a goal.

2. Methods
2.1. Participants

There were 21 healthy participants in this study, 10 males and 11 females, be-
tween the ages of 18 and 30. The inclusion criteria we applied specified males
and females over 18 years of age who were physically and mentally healthy. Of
particular importance was the ability to perform physical exercise with the entire
body. As exclusion criteria, we excluded participants from taking part in the
study if they had an illness or were taking medication. All of the participants
performed three tasks, 1) Stretch Well Gymnastics, 2) Stretch Band Gymnastics,
and 3) Radio Gymnastics, on different days. The Stretch Well Gymnastics were
14 stretches designed based on the Core Balance Stretch [16] and consisted
mainly of stretches for the neck, trapezius, mastoid, pectoralis major, shoulder
deltoid, adductor and quad muscles. Stretch Band Gymnastics focused on nine
areas: the trapezius, sternocleidomastoid, pectoralis major, rhomboids, psoas,
quadriceps, adductor, gluteus maximus, and the hamstring, using a stretch band
(nobitel Inc.). In the Radio Gymnastics task, the First (13 types) and Second
Gymnastics (13 types) sessions were performed continuously. The First Gym-
nastics session included elements that balanced the muscles and joints of the en-
tire body, while the Second Gymnastics session included elements that streng-
thened and toned the body and muscles. The Stretch Well Gymnastics and Radio
Gymnastics tasks were performed in the standing position. In the Stretch Band
Gymnastics task, upper body stretches were performed in the standing position
and lower body stretches were performed in the seated position. The Medical
Research Ethics Review Committee at the Kyoto University of Advanced Science
approved the study protocol (No. 22M04). Verbal and written informed consent

were obtained from each participant.
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2.2. Procedures

All of the participants were asked to wear a Polar H10 heart rate sensor and rest
in a chair for 3 minutes. Then, the cognitive tasks were performed, followed by
the stretching exercises (Stretch Well Gymnastics, Stretch Band Gymnastics, Ra-
dio Gymnastics). The cognitive function was measured again after the stretching
exercises. The heart rate was measured continuously from the beginning to the
end of the experiment. The duration of the exercise was about 7 minutes for all
of the sessions, based on the Radio Gymnastics (First Gymnastics and Second
Gymnastics). All of the gymnastics were performed while watching a video. In
order to exclude the effect of music, all exercises were performed with the sound

turned off and only the video was employed.

2.3. Heart Rate and the Autonomic Nervous System Analysis

In this study, the effects of the stretching exercises on the autonomic nervous
system activity were analyzed from electrocardiograms (ECG). The ECG data
were acquired to clarify the changes using a Polar H10 heart rate sensor during
each condition. The heart rates were measured at three points (Figure 1): HR-A
(10 min during the cognitive tasks), HR-B (during the Stretch Well Gymnastics,
the Stretch Band Gymnastics, and the Radio Gymnastics sessions), and HR-C
(10 min during the second cognitive tasks). The mean values were used in the
analysis. This data was transmitted via Bluetooth” to an iPhone app (Heart Rate
Variability Logger) [17] [18]. The autonomic activity was analyzed using the
Kubios HRV Version 3.5 (Kubios Oy) using the RR interval of the ECG. The
heart rate variables analyzed were: the frequency domain measurements, in-
cluding low-frequency power [LF (ms’), 0.04 - 0.15 Hz], high-frequency power
[HF (ms?), 0.15 - 0.4 Hz], and LF/HF (the ratio of absolute LF power to HF
power) [19]. The LF in the low-frequency power range obtained by frequency
analysis of heart rate variability reflects both sympathetic and parasympathetic
nervous system activity, while the HF in the high-frequency power is an index of
parasympathetic nerve activity. Additionally, the LF/HF ratio is an index of the
sympathetic nerve activity. The LF/HF ratio is frequently used as a simple index
of sympathetic nervous activity (or an index to evaluate the balance between the

sympathetic and parasympathetic nervous systems).

2.4. Cognitive Tasks

The executive function, one of the cognitive functions, is a higher-order cogni-
tive function that controls (inhibitory control) or switches (cognitive flexibility)

inappropriate behavior in order to achieve a goal [20], and it is considered to be

Rest > Cognitive tasks 1 > Condition ~> Cognitive tasks 2
HR-Base HR-A HR-B HR-C
(3min) (10min) (10min) (10min)
Figure 1. Experimental design in the present study.
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one of the cognitive functions involved in sociality. In this study, we assessed
executive function by having the participants perform 2 tasks; the Stroop task
and the Number-Letter task. All programs for the cognitive tasks were created
using E-Prime3 software for cognitive experiments and implemented on a Sur-
face2 notebook, running Windows 8. The time required was about 10 minutes

for all of the cognitive tasks.

2.4.1. Inhibitory Function—Stroop Task

The Stroop task is a matching test consisting of the following three sub-tasks,
each of which uses four different color name words (blue, yellow, red, and green)
written in hiragana and their corresponding four colors patches. The contents of
each task and the usual implementation method are as follows. For each task, a
fixation point was presented in the center of the screen for one second after the
start of the task, and then the target stimulus was displayed for five seconds. The
colors and letters of the choices were four types (blue, yellow, red, and green),
the letters were hiragana, and the letters were painted the same color, so that
they were the same in all tasks. The target stimuli in the congruent task consisted
of four types of hiragana letters (blue, yellow, red, and green), and were pre-
sented in colors that matched the letters. The standard stimuli in the incongru-
ent task were displayed in such a way that the colors applied to the four types of
letters representing colors (blue, yellow, red, and green) were incongruent. For
example, in the congruent task, when the word “red” was displayed in red in the
center, the participants selected the same letter “red” from the choices of “blue”
“yellow” “red” and “green” below. In the incongruent task, when the word “red”
was displayed in green in the center, they chose “green” from the choices of
“blue” “yellow” “red” and “green” below. Four sets of ten trials were performed
for the matching task, and four sets of ten trials were performed for the incon-
gruent task. The evaluation was based on the percentage of correct responses
and the average reaction time (msec) in the incongruent task. The participants
performed one trial of both congruent and incongruent tasks as practice before
starting the task. In addition, the first trial of the incongruent task was excluded

as a practice task in the analysis.

2.4.2, Switching—Number-Letter Task

The cognitive flexibility test [21] was a computerized task. Visual stimulus pairs
consisting of a letter and a digit were presented. The letter was either a conso-
nant (sampled randomly from the set G, K, M, and R) or a vowel (sampled ran-
domly from the set A, E, I, and U). The digit was either even (sampled randomly
from the set consisting of 2, 4, 6, and 8) or odd (sampled randomly from the set
consisting 3, 5, 7, and 9) in the stimulus pairs. The letter and the digit, as well as
the order of both in the stimulus pair, were randomly selected. Trials were ad-
ministered in the form of a three-block design. The letter task (Block 1) was
presented only in the upper block (4 trials), and the digit task (Block 2) was pre-

sented only in the lower block (4 trials). In the letter task, participants pressed a
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left key when a consonant was presented and a right key when a vowel was pre-
sented in the stimulus pairs. In the digital task, participants pressed a left key
when an even digit was presented and a right key when an odd digit was pre-
sented. All of the participants responded using the index fingers of their domi-
nant hand. Additionally, the clockwise task (Block 3) was a presentation of the
first stimulus pair in each block starting in the upper left box and the tri-
al-to-trial presentation moved clockwise to the subsequent box (8 trials). When
the letter and the digit were placed in the upper block, the participants answered
using the number task method. On the other hand, when the letter and the digit
were placed in the lower block, the participants answered using the letter task
method. The evaluation was based on the percentage of correct responses and
the average reaction time (msec) for trials 3, 5, 7, and 9, in which the pattern
switched in each set of clockwise tasks. The subjects performed one trial each of
the letter task, the digital task, and the clockwise task as practice before starting
the real task. In addition, the first trial of the clockwise task was excluded as a

practice task in the analysis.

2.5. Statistical Analysis

In this study, 21 participants were included in the analyses. Heart rate was cal-
culated for each condition by averaging the values [HR-Base (3-minutes), HR-A
(10-minutes), HR-B (7-minutes), and HR-C (10-minutes)].

HR-Base was measured to confirm that the exercise intensity was low.
The %Intensity was calculated based on these heart rates using the Karvonen
formula [%HRR Intensity = [(HR-B minus HR-Base)/(max HR minus HR-Base)
x 100] [22]. As we could not measure the maximum heart rate (max HR) direct-
ly, it was roughly estimated using the traditional formula “220 minus age”.

In order to clarify the changes that occurred during the execution of the cog-
nitive tasks and exercises, the heart rate for each task was calculated by sub-
tracting each time point (During = HR-B minus HR-A; After = HR-C minus
HR-A).

The reaction time (Stroop and Number-Letter tasks) for each task was calcu-
lated by subtracting values obtained before each condition from those obtained
after the condition ( = “after” minus “before”).

We conducted a two-way analysis of variance (ANOVA) with the HR and the
autonomic nervous system (HF and LF/HF) as the dependent variables [with-
in-subjects design: Session types (Stretch Well Gymnastics, Stretch Band Gym-
nastics, and Radio Gymnastics) x time point (During/After)]. Additionally, we
conducted a one-way analysis of variance (ANOVA) with the difference in the
reaction time (Stroop and Number-Letter tasks) for each session as dependent
variables [within-subjects design: The session types were the Stretch Well Gym-
nastics, the Stretch Band Gymnastics, and the Radio Gymnastics)]. SPSS21.0]
(IBM SPSS, Japan) was used for the data analysis. Regarding the results of the
statistical analysis, a risk ratio of 5% or less was considered a significant differ-

ence.
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3. Results

3.1. Exercise Intensity

The 21 healthy participants (mean age 20.2 + 0.9 years) who took part in this
study were 10 males (mean age 20.7 £ 0.9 years) and 11 females (mean age 19.9
+ 0.9 years). The exercise intensity was 16.9% + 6.57% for the Stretch Well
Gymnastics, 18.5% + 9.76% for the Stretch Band Gymnastics, and 18.7% +
11.14% for the Radio Gymnastics. The one-way ANOVA for the %HRR showed
a significant effect for the session type [H2, 40) = 0.26, n.s., n=0. 117] .

3.2. HR and the Autonomic Nervous System

Figure 2 shows the differences in the HR (A), HF (B) and LF/HF (C) for each
condition at each time point. The two-way ANOVA for the HR showed a signif-
icant effect for the time point [F(1, 20) = 334.684, p < .001, 7 = 0.944], but no
significant effect of the session type [ A2, 40) = 0.077, n.s., 7 = 0.004] or the ses-
sion types x time point interaction [A2, 40) = 2.947, n.s., n = 0.128]. Multiple
comparisons found that HR was significantly lower after each gymnastics ses-
sion, compared with during the session.

Regarding the autonomic nervous system (HF and LF/HF) results, the two-way
ANOVA for the HF showed a significant effect for the time point [A1, 20) =
132.752, p < 0.001, n = 0.869], but no significant effect of the session type [H2,
40) = 2.142, n.s., 1= 0.097] or the session type x time point interaction [ A2, 40)
= 1.125, n.s,, n = 0.053]. Multiple comparisons found that HF was significantly
higher after each gymnastic session, compared with during the session. Addi-
tionally, the two-way ANOVA for the LF/HF showed a significant effect of the
time point [A(1, 20) = 25.227, p < 0.001, n = 0.558] and the effect of session type
[A2, 40) = 3.68, p < 0.05, n = 0. 156] and session type x time point interaction
[A2, 40) = 8.317, p < 0.001, ;7 = 0.294]. Multiple comparisons found that LFHF
was significantly lower after each gymnastic session, compared with during the
session. Moreover, the simple main effect found that the LFHF during gymnas-
tics was significantly higher in the Stretch Well Gymnastics, compared with the
Stretch Band Gymnastics and the Radio Gymnastics.

0 -
&
T 10 r
= l
g 0
g
5-10
= -@-Stretch band Gymnastics
- - +-Radio Gymnastics
_ 20 -A-Stretch well Gymnastics
-30 -

During After

B C

150 | 10 -
_ 100 | o8|
g 50 r Ee¢ L
£ 0 - £4 0
T s 4
3 =50 - =2 L #
$-100 | s
E-150 | g0 l
£-200 52 |
%250 | 4 |
-300 6 L

During After

During After

Figure 2. Differences in the HR (A), HF (B) and LF/HF (C) for each condition at each time point. Note. SD = Standard Deviation;
17 = Effect Size. All p values smaller than p = 0.05 remain significant after Bonferroni correction.
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3.3. Cognitive Tasks

Table 1 shows the differences in the reaction time for the conditions in the cog-
nitive task. We carried out repeated-measures one-way ANOVAs on the differ-
ences between the accuracy rate (for all of the cognitive tasks) and the reaction
time (for the Stroop and Number-Letter tasks) for each gymnastics session as
dependent variables. The reaction time employed showed a significant effect re-
lated to the session type for the Stroop task [ A2, 36) = 2.69, p < 0.10, = 0.130].
The results of the multiple comparisons in the Stroop task showed the highest
values for the Radio Gymnastics sessions with marginally significantly lower
scores for the Stretch Well Gymnastics sessions (p < 0.10). On the other hand,
no significant difference was observed for the Number-Letter task [H2, 36) =
1.15, n.s., n=0.060].

4. Discussion

In this study, we examined the effects of a brief 7-minute stretching gymnastics
session on autonomic nervous system activity and cognitive function. First, %HRR
lower than 30% is considered to be very light intensity exercise [23]. The %HRR
of all of the gymnastics sessions (Stretch Well Gymnastics, Stretch Band Gym-
nastics and Radio Gymnastics) in this study was lower than 20%, which sug-
gested that the exercise intensity was very light.

In regard to the autonomic nervous system, the results showed a significant
increase in sympathetic nerve activity during the Stretch Well Gymnastics com-
pared to the Radio Gymnastics and the Stretch Band Gymnastics. In addition,
after the gymnastics sessions, all of the sympathetic nerve activity values de-
creased significantly, compared with during the gymnastics and then returned to
the baseline. Parasympathetic nerve levels were significantly increased after the
gymnastics sessions, compared with during the gymnastics, although there were
no significant differences between any of the sessions. In addition, for all of the
sessions, the parasympathetic nerve levels were higher than the baseline after the
gymnastics. Conversely, the heart rate significantly increased during the gymnastics

sessions, compared with after the sessions, although there were no significant

Table 1. Differences in the reaction time for the conditions in the cognitive task.

Mean (SD) N =19 F(df, error)

Task  Stretch well Stretchband  Radio

. . . Main Effect of Condition Types
Gymnastics Gymnastics Gymnastics

. 85593 96056 27230 Lo o o 7= 0.130]
roo ) =2.69, .10, 7 =0.

P (102.056)  (117.828)  (72.576) P

Number —125400  —29.846 4771

2,36) = 1.15, n.s, 77 = 0.060
Letter  (135.681)  (74.845)  (166.715) (72, 36) 7 ]

Note. SD = Standard Deviation; 777 = Effect Size. All p values smaller than p = 0.05 remain
significant after Bonferroni correction. "p < 0.10 vs Stretch well Gymnastics.
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differences between any of the sessions. In addition, for all of the sessions, the
values were lower than the baseline after the gymnastics. These results supported
the effects of autonomic activity associated with conventional low or mod-
erate-intensity exercise [12] [24]. However, in the present study, the sympathetic
activity during the Stretch Well exercise sessions was characterized as more ac-
tive than in the other exercise sessions, although relaxation was achieved in all
cases after the stretching exercise sessions. The number of body movements rec-
orded was 26 for the Radio Gymnastics and 14 for the Stretch Well Gymnastics,
with Radio Gymnastics having more types of body movements. Therefore, the
results indicated that, for the same amount of exercise time, the activation of
sympathetic nerve activity may depend on the content of the gymnastics, not on
the number of gymnastic types.

Regarding the cognitive function, there were no significant changes between
the sessions in the reaction time of the cognitive flexibility. Cognitive flexibility
has also been shown to be enhanced by 4 minutes of low-intensity coordination
exercise, which also resulted in faster reaction times [13]. Thus, although there
were no significant differences between the gymnastic exercise sessions, these
results indicated that the stretching and exercises used in this study had an im-
pact on cognitive flexibility. The inhibitory function has been shown to be sig-
nificantly faster in reaction time to a Stroop task with low-intensity aerobic ex-
ercise [12]. The results of the present study indicate that the cognitive processing
function was temporarily facilitated, similar to the results of previous studies, as
responses were faster in all of the gymnastic exercise sessions. The most com-
mon studies on the effects of transient stretching gymnastics on cognitive func-
tion have been those that require 10 minutes or more of stretching gymnastics,
but no studies have examined the effects of stretching gymnastics for as short a
time as 7 minutes. Therefore, the fact that stretching gymnastics for less than 10
minutes has a positive effect on inhibitory function is a new finding. In particu-
lar, the reaction time tended to be faster for the Stretch Well Gymnastics exer-
cise sessions, compared with the other exercise sessions. Thus, in light of the pa-
rasympathetic nerve activity increase after the aforementioned gymnastics, this
indicates that Stretch Well Gymnastics is more effective than the other gymnas-
tics in increasing the inhibitory function while relaxing. However, the extent to
which the increase in sympathetic nerve activity during the brief Stretch Well
Gymnastics and the extent to which the type and content of the exercises were
involved in the improvement of cognitive function after stretching could not be
clarified in this study, and further studies are required in the future. In particu-
lar, Stretch Well Gymnastics exercise randomly includes stretches that perform
from slow to fast movements (three types) and stretches in which the body posi-
tion is held for 10 seconds (five types). Bernardi e al [25] reported that the
tempo of the music played during this type of exercise affects the breathing rate,
the heart rate, the blood pressure, and sympathetic nerve activity. Therefore, it is

possible that a similar response may occur for changes in movement tempo. In
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addition, five repetitions of 90 seconds of slow aerobics followed by 30 seconds
of rest, although the exercise content and duration are different, will result in a
faster reaction time for the Stroop task as well as for the 10-minute slow aerobics
[26]. Thus, it can be inferred that changes in movement tempo can also help
improve cognitive function. Therefore, it is desirable to conduct a more detailed
examination of the effects of even shorter stretching gymnastics in terms of phy-
siological indices, including autonomic nerve activity and cognitive function, in
order to devise effective stretching gymnastics that can be easily implemented in
certain situations in daily life.

In regard to the limitations of the present study, there was a lack of sufficient
statistical substance due to the size of the limited population of young adults.
Accordingly, future studies will be required to clarify the results we obtained in
this study and especially, more detailed studies should be conducted in order to
take additional confounding factors into consideration, such as enjoyment due
to the content of the gymnastics, situations of need, and any habits for stretching
or gymnastics and physical activity. Larger participant samples would also be
beneficial, with expanded age ranges and occupations, including workers. Al-
though the stretching gymnastics in this study mainly consisted of simple
movements, it may be considered that the less flexible the body is in some types
of gymnastics, the greater the psychological burden may be. In this study, we did
not confirm the flexibility or the range of the body motion. Therefore, it is ne-
cessary to take these points into consideration while also collecting data on psy-

chological and physiological responses to stretching gymnastics over time.

5. Conclusions

We examined the effects of stretch gymnastics on the autonomic nervous system
activity and cognitive functions in young adults. The data obtained in the present
study showed that the sympathetic activity during the Stretch Well Gymnastics
was characterized as more active than in the Stretch Band Gymnastics and the
Radio Gymnastics, although relaxation was achieved after all of the exercise ses-
sions, and that cognitive processing function was temporarily facilitated. These
results were similar to the results of previous studies, as the responses were faster
in all of the exercise sessions.

In particular, the fact that participating in stretching gymnastics for less than
10 minutes has a positive effect on inhibitory function and cognitive flexibility is

a new finding.
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