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Abstract

Purpose: Traditional medicines have unique breathing methods and they are
widely believed that they are good for health promotion and good for relax.
However, there is little evidence. The purpose of this study is to discuss if
such specific breathings could effectively reduce stress and be able to help to
reach a relaxed state in the body as well as in the mind. To objectively under-
stand the state of stress/relax, we assessed the condition of the autonomic
nervous system (ANS) as well as heart rate (HR) and body temperature (BT),
which instantly reflect ANS. Methods: Fourteen healthy male volunteers par-
ticipated in this study and we investigated four kinds of breathing with them:
Natural breathing (Control), Abdominal Pressure breathing (Pressure), Ab-
dominal breathing (Abdominal) and Reverse Abdominal breathing (Reverse).
Results: Only Control group showed increase of HF/decrease of HR, showing
increase parasympathetic nervous system, which indicates the condition of
relax. On the hand, all experimental groups of unique breathings showed in-
crease of sympathetic nervous system, meaning stress. Discussion: Our hypo-
thesis was that traditional breathing methods would decrease stress, however,
our results were the total opposite to it. This reason might be found: 1) our
subjects might be too young and naive, 2) they did not have enough training
or experience, and 3) enough and appropriate duration of breathings was
needed. Therefore, we consider that appropriate program and enough training
time to use to specific breathing are needed to obtain the effects of traditional
breathing.
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Heart Rate (HR)

1. Introduction

The world health organization released ICD-11 in June 2018, and classified tra-
ditional medicines including yoga or traditional Chinese medicine [1]. Such tra-
ditional medicines put place a high priority on breathing, yoga or Taigi for ex-
ample. They believed specific that breathing methods are good for health pro-
motion; however, there are little evidence.

A specific method of breathing is also emphasized among zen monks or budo
of samurai warriors. For instance, they considered that Tanden breathing me-
thod, a kind of abdominal breathing, can reduce stress, support concentration
and lead to relax. Few physicians studied this method and they found it a
breathing method with abdominal pressure including abdominal breathing (ab-
dominal pressure rises at inhalation) and reverse abdominal breathing (abdo-
minal pressure rises at exhalation) [2] [3] [4]. However, such traditional me-
thods are often handed down from mouth to ear, from a teacher to his/her stu-
dent. Its esoteric knowledge is still unknown.

Physical therapists focused on changes in the transverses abdominis muscle
(TrA) thickness and showed that training of the TrA, which is rarely activated
on a daily base, utilizing breathing with abdominal pressure can achieve streng-
thening of TrA contraction [5]. Researchers of sports and urology had tried to
study in various ways [6] [7] [8] [9] [10]. However, their physical approach did
not refer to the mental effects of breathing. As a result, the secret to relax is not
revealed.

The purpose of this study is to discuss if such specific breathings could effec-
tively reduce stress and be able to help to reach a relaxed state in the body as well
as in the mind. To objectively understand the state of stress /relax, we assessed
the condition of the autonomic nervous system (ANS) and body temperature
(BT).

ANS has two divisions: the sympathetic nervous system (SNS) and parasym-
pathetic nervous system (PNS). Under stress, alpha adrenergic stimulus induces SNS
dominance [11] [12] [13] [14]. At the same time, such stress induces fight-or-flight
response as W B Cannon confirmed [15] [16]. To fight/flight whole body mus-
cles and brain needs more oxygen; therefore, ANS increases heart rate (HR). As
stress instantaneously contracts vessels, BT simultaneously decreases [13] [14]
[17]. On the other hand, HR reflects the status of ANS via facilitation of cardiac
vagal activity and cardiac sympathetic nerve [18] [19]. Thus, we may consider
HR and BT are new indicators of ANS status.

Therefore, we assessed those indicators to evaluate stress/relax status in this
study. And then, we discussed the change induced by such specific breathings. In
short, the hypothesis of this study is if traditional breathing methods increase
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PNS (decrease SNS), can reduce stress and help to reach relax.

2. Methods
2.1. Participants

Fourteen healthy male volunteers (average 21.0 = 0.5 years old) participated in
this study. We prepared a recruitment poster to explain the purpose and proce-
dures of the study. To meet the inclusion criteria of the study, subjects needed to
be healthy males with no known history of any major physical and psychological
illnesses. Students with impaired vision or those who were taking any autonomic
drugs were excluded.

Written informed consent was obtained from all patients and this study was
approved by the Medical Ethics Committee of Ibaraki Prefectural University of
Health Sciences (Ibaraki, Japan, 887-R010704).

The experiments were conducted in a room with the temperature set at 25.6°C

+0.5°C, 42.3% * 6.7% relative humidity throughout the experimental sessions.

2.2. Breathing Methods

In this study we investigated four kinds of breathing; natural breathing (Con-
trol), Abdominal Pressure breathing (Pressure), Abdominal breathing (Abdo-
minal) and Reverse Abdominal breathing (Reverse). Each distinction of breath-
ing is illustrated referring to the previous study [2] (Figure 1).

Subjects took more than 10 minutes rest sitting in armchairs before the expe-
riment. And then, they inhale 5 seconds and then exhale 10 seconds in each

breathing.

2.3. Measurements
2.3.1. HR (Heart Rate), ANS (Autonomic Nervous System)

(LF, HF and LF/HF)
We measured and recorded heart rate (HR) using electrocardiograph (LRR-03,
GMS Co., Ltd., Tokyo, Japan) with disposal electrodes (Nihon Kohden Corp.,
Tokyo, Japan) and the measuring equipment (MP36, Zero C Seven, Inc., Tokyo,
Japan).

And then, we calculated to analyze those results with analysis program
(MemCalc/Tarawa, GMS Co., Ltd., Tokyo, Japan) following maker’s operating in-
structions. Thus we obtained Low-frequency (LF, 0.04 - 0.15 Hz), High-frequency
(HF, 0.15 ~ 0.45 Hz) and LF/HF ratio.

LF is comprised of rhythms with periods between 7 and 25 s and is affected by
breathing from ~3 to 9 bpm. Within a 5 min sample, there are 12 - 45 complete
periods of oscillation [20]. On the other hand, HF is influenced by breathing
from 9 to 24 bpm [21]. The ratio of LF to HF power (LF/HF) may estimate the
ratio between sympathetic nervous system (SNS) and parasympathetic nervous
system (PNS) activity of autonomic nervous system (ANS) [22].

However, actually many researchers consider that LF is still very controversial
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Figure 1. Breathing techniques of this study: Natural breathing (Control), Abdominal
breathing (Abdominal) and Reverse Abdominal breathing (Reverse) as illustrate referring
to Dr. Kubota T’s study.

as an indicator of ANS status. Therefore, in this study we measure LF value,
however, we do not discuss it in this study. We make use of LF only to obtain
LF/HF to understand SNS status as previous studies [20] [22] [23].

2.3.2. Body Temperature (BT)

To measure body temperature (dorsal surface of the right/left hand) we used an
infrared thermographic instrument (H2600, Nippon Avionics Co., Itd., Tokyo,
Japan) and its specific program (InfReC Analyzer NS9500 Professional, Nippon

Avionics Co., Itd., Tokyo, Japan) according to the vendor’s instructions.

2.4. Statistical Analysis

Statistical analysis. Two-way ANOVA was performed for the analysis followed
by a Scheffe post hoc analysis as required (p < 0.05). SPSS Advanced Models,
version 15, software was used for the statistical analysis. The level of significance

was set at p < 0.05. The values generated were mean and standard deviation (SD).
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3. Results
3.1.LF (Low-Frequency)

LF significantly increased in Control group at Post 10 (p = 0.026) compared to
Pre. At the same time, in Abdominal group and Reverse group showed signifi-
cant increase at Post 10 (p = 0.001) and (p = 0.016) respectively. However, only

Pressure group did not indicate such change (Figure 2(a)).

3.2. HF (High-Frequency)

Only Control group showed a significant increase of HF increase at Post 10 (p =
0.047) compared to Pre. Other groups did not show such significant difference
(Figure 2(b)).

3.3. LF/HF Ratio

Only in Reverse group, LF/HF ratio significantly increased at post 10 (p = 0.028).
All other groups did not show any significant difference. (Figure 2(c)).

600 = T15¢
2000 [ ; . T
* 4001 M*1o I *
200 5t
0 0 0
(d) HR (/min) (e) BT
85 350 [ , Right
80 | I I I 345}
" 34.0
70t v\é—é N
65 I 335 - * * - * *

60 33.0
Pre Post5 Post10 Pre Post5 Post10 Pre Post5 Post10

(f) Visualized image of BT
(°c) Pre Post5 Post10

Figure 2. (a) LH (Low-frequency, 0.04 - 0.15 Hz), (b) HF (High-frequency, 0.15 - 0.45
Hz, an indicator of PNS), (c) LF/HF (LF/HF ratio indicates, an indicator of SNS), (d) HR
(heart rate), (e) BT (body temperature at hands, (f) Visualized image of BT (infrared
thermographic instrument). O: Natural breathing (Control), ©: Abdominal Pressure
breathing (Pressure), ®: Abdominal breathing (Abdominal) and @: Reverse Abdominal
breathing (Reverse). Mean value * SD, *p < 0.05.
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3.4. HR (Heart Rate)

HR of Control group significantly decreased at Post 5 (p = 0.006) and Post 10 (p
= 0.012) compared to that of Pre. Other groups did not show significant differ-
ences (Figure 2(d)).

3.5. BT (Body Temperature)

Only Pressure group showed significant decreases in BT of both hands. Com-
pared to Pre, BT of Post 5 and Post 10 significantly decreased; the right hand
(Post 5, Post 10 and p = 0.002 and p = 0.001) as well as the left hand (Post 5 and
Post 10; p = 0.001 and p < 0.001) respectively. At that time, other groups did not
indicate such difference (Figure 2(e)).

Visualized image of the change among Pressure group with infrared thermo-

graphic instrument is shown as Figure 2(f).

4. Discussions

The hypothesis of this study is if traditional breathing methods increase PNS
(decrease SNS) and can reduce stress help to reach relax. Our results were the
total opposite to it; specific breathing elevated SNS (suppressed PNS). They were
understood that specific breathing methods induced stress instead of help to
reach relax as we illustrated (Figure 3).

Only Control group showed decrease of HF and HR, showing increase PNS,
which indicates the condition of relax, while other groups did not.

At that time, only the Reverse group increased LF/HF ratio as well as only
Pressure group showed decreased of BT of both hands. Those results show in-
crease of SNS (decrease PNS = stress). Though specific breathing methods are
often recommended to reduce stress and lead to relax, our result showed they
induced stress.

We may find three reasons as below. First our subjects might be too young
and naive. All of them came across such traditional and specific breathing in
front of university professors.

At that time, they have to voluntary breath and must consciously activate TrA

involuntary/unconscious, -voluntary/conscious
IReverseAbdominal 1

[ Control (natural) Abdominal

training /| experience

no yes no
i {
’0
relax stress

PNSf[HF 1 } HF  ns.

HR l HR n.s.
LF/HF n.s. SNS f[LF/HF i ]
BT n.s.

Figure 3. Without enough training/experience specific breathing methods may induce
stress instead of help to reach relax.
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muscles in unfamiliar ways, as instructed. In short, those unfamiliar breathing
methods gave subjects mental stress. Moreover, it is not difficult to imagine that
they feel invisible pressure during experiment. This mental stress might over-
come and cancel expected physical effects of traditional breathing, which were
expected.

Second, in our subjects, young students did not have enough training or expe-
rience. A specific breathing is too difficult to learn oneself; therefore, Nakanishi
et al. invented and proposed a program and method for training [5]. In fact, they
reported the importance of training and they monitored and confirmed changes
in the transverses abdominis muscles thickness by abdominal pressure breathing
with ultrasound scanner equipment.

Third, we may find another reason in the duration of breathings. It was li-
mited only one minute [(5 seconds inhale and then 10 seconds to exhale) x four
times] although we chronologically pursued the changes for ten minutes with
HR, ANS (LF, HF and LF/HF), and BT as indicators. Effects of one minute
breathing might diminish before assessment points.

In Zazen (seated meditation), for example, regular practitioners usually sit for
40 minutes periods while new-comers around 20 minutes [24]. Traditionally,
each session lasts the length of time it takes for a stick of incense to burn-around
30 to 40 minutes. Zazen, which has tradition, is passed down through the gener-
ations more than eight centuries [25]. Experimentally, it is known that a specific
breathing needs 30 to 40 minutes to reduce daily stress to reach relax.

The interest is that only Control group unexpectedly increased PNS level.
They simply sat down in armchair. They had minimum mental stress; therefore,
their natural breathing using TrA might indicated maximum physical effects and
increased PNS level (= relax). In short, physical action of breathing may be use-
ful to relax in case there is less mental stress.

Although all of our subjects are healthy young male, there might be a lot of in-
dividual variation. To overcome this problem, further studies need to be con-
ducted in larger and broader samples. In the further studies, we could provide
them appropriate program and enough training time to use to specific breathing.
At the same time, we also need to recruit subjects of different age with other back-

ground. And then we might obtain other results to compare those of this study.
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