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Abstract

The thoracic nerves form a complex neural network that coordinates involuntary muscles such as breathing and the heart.
Breathing has various patterns to maintain homeostasis in the human body. This study analyzes changes in the cardiovas-
cular system and breathing patterns induced by stress caused by various mechanical movements performed in daily life
and ultimately, the goal is to propose effective breathing patterns and breathing control methods to maintain cardiovascular
homeostasis. The participants’ age was 26.97+3.93 years, height was 170.24 +8.61 cm, and weight was 65.69+13.55
Kg, and there were 62 men and 38 women. Breathing and electrocardiogram were obtained using HiCard+, a biometric
monitoring device. The measured electrocardiogram was analyzed for heartbeat interval, which indicates changes in the
cardiovascular system, and standard deviation of normal to normal interval (SDNN) and root mean square of the suc-
cessive differences (rMSSD), which indicate the activity of the autonomic and parasympathetic nervous systems. For
respiration, time changes were analyzed as patterns by calculating inspiration and exhalation times. As a result of this
study, rapid changes in blood pressure increased SDNN and rMSSD from 0.053 +0.06 and 0.056 +0.087 to 0.109+0.114
and 0.125+0.170 s, and induced an increase in spontaneous inspiratory time from 1.46 to 1.51 s (p <0.05). Ultimately,
we hope that the results of this study will be used as a breathing control training technique to prevent and manage rapid
cardiovascular changes.
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1 Introduction

Breathing is a key function of the body for maintaining a
healthy life. The function of breathing is to inhale oxygen,
which is used as fuel for metabolic activities and expel car-
bon dioxide, a byproduct. These functions are performed by
the respiratory system and are coordinated by the thoracic
nerves, a pair of spinal nerves that emerge from the thoracic
region of the spinal cord. The thoracic nerves form a com-
plex network of nerves that communicate with each other
and coordinate the respiratory muscles used for breathing.
Additionally, it can interact with the autonomic nervous
system (ANS) to regulate involuntary muscle functions
such as heart rate and digestion [1-3]. The respiratory sys-

P4 Sungmin Kim
smkim@dongguk.edu

Department of Medical Biotechnology, Dongguk University,
Bio Medi Campus, Ilsandonggu, Goyang si,
Gyeonggi-do 10326, Korea

Department of Medical Device Business, Dongguk
University, 32, Dongguk ro, llsandonggu, Goyang si,
Gyeonggi do 10326, Korea

Department of Regulatory Science for Bio-Health Medical
Device, Dongguk University, 32, Dongguk ro, Ilsandonggu,
Goyang si, Gyeonggi do 10326, Korea

Department and Research Institute of Rehabilitation

Medicine, Severance Hospital, Yonsei University College of
Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul
03722, South Korea

Department of Medical Device Industry, Dongguk
University, Seoul 04620, Korea

tem induces a breathing pattern in response to environmen-
tal changes inside and outside the human body that occur
during walking, repetitive exercise, or mechanical move-
ment. These breathing patterns appear through numerous
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interactions between the ANS to maintain homeostasis, and
thus have a wide variety of patterns [4, 5].

The most common disorder that can arise from breath-
ing patterns is dyspnea [6]. Dyspnea is caused by feeling
uncomfortable breathing. In the case of the elderly, 36%
of the total elderly population suffers from dyspnea, and
a total of 3.4 million outpatient treatments are performed
annually. Importantly, 44.6% of patients who visited due
to dyspnea were also found to have life threatening cardio-
vascular diseases such as acute heart failure and arrhythmia
[7]. These causes include increased spasticity of the chest
wall, decreased mechanical function of the respiratory sys-
tem such as elasticity and recoil of the lungs, and decreased
efferent nerve responses of respiratory muscles due to low
oxygen pressure [8, 9]. To solve these problems, meth-
ods using mechanical and psychological therapies such as
stretching, meditation, and breathing pattern exercises are
being used, and research is being conducted to prevent and
treat diabetes, high blood pressure, oxidative stress, and
breathing dyspnea [10—16]. The biggest point is that breath-
ing control training can be used as a practical management
method for prevention and intervention in everyday life,
home, and work environments in the control of various dis-
orders, and mental stress [17, 18].

For this reason, the importance of breathing in the inter-
action between the respiratory and cardiovascular systems
is increasing. The interaction of these systems occurs in the
physical stress caused by various movements, and homeo-
stasis is maintained through the ANS and neural networks
[19-21]. One of these reactions, respiratory sinus arrhyth-
mia (RSA), is a physiological phenomenon that represents
a change in heart rate that occurs simultaneously with
breathing and reflects the interaction between the respira-
tory and cardiovascular systems [22-24]. RSA is reflected
to a greater extent by spontaneous breathing. Spontaneous
breathing is a reaction of the respiratory system produced
by involuntary muscles, and it has been confirmed that slow
breathing can stabilize the function of the cardiovascular
system by increasing the activity of the parasympathetic
nerve (PN) of the heart [25]. However, there is few research
analyzing spontaneous breathing patterns and changes in
the cardiovascular system that occur under physical stress
caused by various movements in daily life.

Table 1 Clinical trial participant demographic characteristics

Participants (count) 100
Male 62 Female 38
Height 170.24 £8.61
(cm mean =+ std)
Weight 65.69+£13.55
(kg mean =+ std)
Age 26.97+3.93

(years mean + std)
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Accordingly, we analyzed breathing patterns and electro-
cardiogram (ECG) changes for the 15 most commonly per-
formed movements in daily life using medical monitoring
equipment that can simultaneously measure breathing of the
respiratory system and ECG of the cardiovascular system
in this study. The final purpose of the study is to analyze
the ECG that responds to physical stress that occurs dur-
ing movement and to confirm the interaction between the
respiratory and cardiovascular systems by confirming the
breathing pattern that responds to ECG changes. Through
this study, we analyzed changes in the cardiovascular sys-
tem that require spontaneous breathing and proposed a
breathing control training method using effective breathing
patterns. Finally, we expect that it will be used as a per-
sonalized method and digital healthcare technology through
additional research.

2 Method
2.1 Participant recruitment

The study was conducted with approval 1-2023-0006
through the Institutional review board of Yonsei university
severance hospital. Participants were selected as those aged
between 20 and 40 who had no discomfort in their daily
lives and no history of cardiovascular or mental disease. The
total number of clinical participants was 100, and the num-
ber of people who missed screening or dropped out was 0.
Accordingly, analysis was conducted using data from 100
participants (Table 1). The experiment was explained to all
participants, and consent to collection of personal informa-
tion and use of data for research was obtained through a
consent form.

2.2 Clinical trial design

As shown in Table 2, physical stress environments consisted
of 15 movements commonly performed in daily life, and
each movement was performed a total of 5 times. A safe
environment was created for all movements, and prior train-
ing and explanations regarding falling movements were pro-
vided. Each movement performed an average of 10 s, with a
30 s rest period. However, when the participant’s heart rate
rose to a high level, a longer rest period was provided at the
discretion of the clinical director. The measurement of data
for all movements was completed within a maximum of 1 h,
and all data was converted into excel data by labeling each
movement.
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2.3 Data measurement and analysis

Mezoo’s HiCard+, which was used to measure data, is a
patch type electrocardiogram monitoring medical device
and detects the heart’s electrical activity and breathing in
real time. The measured data is stored in a cloud database
in real time to analyze and detect various biometric infor-
mation phenomena and provide visual information. The
attachment location of HiCard+is as shown in Fig. 1. It
was attached to the left side of the chest below the collar-
bone based on the solar plexus (Fig. 1, a). However, in cases
where attachment was difficult, it was attached on the flat
left side at the same position as the solar plexus reference
line. The final data consisted of a total of 7,500 standardized
data sets consisting of 500 for each movement, and the aver-
age was calculated, and a t-test was performed to verify the
significance of the difference in averages.

To observe cardiovascular system, the 5 s average
heartbeat interval of 0 to 5 s and 5 to 10 s at the start of
movement was calculated to confirm changes in heart rate.
Additionally, standard deviation of normal to normal inter-
val (SDNN) and root mean square of the successive differ-
ences (rMSSD), which are time domain analysis methods

Fig. 1 Medical devices used in

using heart rate variability, were calculated from the 10 s
ECG during which the movement was performed [26-29].
The calculated SDNN represents the comprehensive activ-
ity of the ANS, and rMSSD refers to the activity of the PN
system, so the patterns of changes in the ANS and cardio-
vascular system that occur due to physical stress were ana-
lyzed (Fig. 2, a).
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In the case of breathing data, chest impedance data that
changes depending on inspiration and expiration of breath
was measured. In the case of breathing data, chest imped-
ance data that changes depending on inspiration and expi-
ration of breath was measured. For data loss due to errors,
the Nan value was replaced using a moving average.
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preprocessing was performed with a band pass filter in
the range of 0.15 to 0.5 Hz using python scipy.signal.but-
ter. The average breathing length for all movements was
3.00+0.07 s. To analyze at least one breath, a total of 20 s of
data, including rest time, was divided into four 5 s pieces of
data to form breathing data. The highest and lowest points
were obtained from the composed data to obtain the respec-
tive inspiration and expiration times (Fig. 2, b).

3 Result
3.1 Changes in heart rate variability by movement

The average heartbeat interval for 0-5 s was calculated to
check the momentary change in physical stress caused by
movement, and compared with the average heartbeat inter-
val for 5-10 s to check the changes in the cardiovascular
system that occurred thereafter. As a result, it was confirmed
that different heartbeat interval changes occur depend-
ing on physical stress. The movements that significantly
increased heartbeat interval are the index 3, 13, and 14 in
Table 2 (p <0.05). Each heartbeat interval increased from
0.64+0.13, 0.66+0.17, and 0.66+0.16 to 0.66+0.13,
0.69+0.15, and 0.69+0.15 s (Fig. 3, a).

In the results of SDNN and rMSSD to confirm changes in
the cardiovascular system and ANS, the lowest values were
confirmed at indices 5 and 6 of Table 2, which generally
include rest type movements with low physical stress. In

stair walking (index 1, 2 of Table 2) and exercise move-
ments (index 7, 8, 9 of Table 2) that induce physical stress,
SDNN increased to 0.073 +0.083, 0.067 +0.10 s (p < 0.05),
and rMSSD increased to 0.080+0.116, 0.081+0.150 s
(Fig. 3, b). All related changes showed a significant value
of p<0.05. These results show that it is possible to analyze
the ANS and cardiovascular using 10 s electrocardiograms.

The results of this study confirm that the greatest physi-
cal stress occurs from a momentary fall rather than from
an exercise movement. The average SDNN and rMSSD
resulting from falls are 0.109+0.114 and 0.124+0.170 s
(»<0.05). These results suggest that significant changes in
average heartbeat interval are related to the activity of the
ANS. However, it was confirmed that there was a signifi-
cant difference in the activity of the ANS between sitting on
a chair and falling to the right and left, which had similar
changes in average heartbeat interval, and additional analy-
sis was conducted on this.

3.2 Changes ininspiration and exhalation times by
movement

The total length of breathing according to movement is
3.00+£0.07 s. Inspiration time was 1.46 +0.04 s, and expira-
tion time was 1.53 +0.05 s, confirming that the breathing
consisted of longer expiration than inspiration. The changes
in inspiration and expiration that make up total respira-
tion are shown in Fig. 4. As shown in b of Fig. 4, it can be
seen that the expiration time decreases during the exercise
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Fig.2 How to derive analysis values using measurement data. (a) Obtain heartbeat interval by calculating the time difference between heart beats
using an electrocardiogram, (b) Analyze inspiratory and expiratory times by acquiring the maximum and minimum respiration positions
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Fig. 3 Real time change analysis
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movement. Therefore, the overall breathing length shows a
significant decrease of less than p < 0.05 after 10 s of move-
ment (Fig. 4, a).

However, the important point is the change in inspira-
tion time. There is no change in inspiration time in chair
sitting with similar heartbeat interval changes, but it can
be seen that the inspiration time increases during the fall-
ing movement (Fig. 4, c¢). Like the exercise movement, the
inhalation time significantly increased from 1.46 to 1.51 s
after 10 s (p <0.05). Through this, it can be confirmed that
there is a correlation between SDNN, rMSSD, and inspira-
tion time shown in result 3 — 1. In other words, it is judged
that changes in the cardiovascular system that occur due to
a fall induce rapid activation of the ANS and PN systems
and increase the inspiratory time of spontaneous breathing
to maintain homeostasis.

5 6 7 8 e 10 11 12 13 14 15
Action index

4 Discussion

In this study, we attempted to identify specific breath-
ing methods and changes that stabilize the function of the
heart by analyzing changes in spontaneous breathing and
the cardiovascular system in an environment of physical
stress caused by movements performed in daily life. In gen-
eral, breathing improves the sensitivity of the baroreflex by
stimulating pressure receptors present in the cardiovascu-
lar system [30-32]. Changes in the cardiovascular system
caused by such stimulation are called RSA. It is related
to individual respiratory parameters such as breathing fre-
quency, amplitude, and inspiration and exhalation time, and
can change depending on various physical stress situations
[33]. In other words, changes in the cardiovascular system
induced by the situation are transmitted through the ANS
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Table 2 Physical stress action that can occur in daily life

Index Division  Movement Method Rest
time(s)

1 Common  Go up the stairs Continuously 10

2 Go down stairs Continuously 10

3 Sit on chair 1 time 10

4 Stand up from a 1 time 10
chair

5 Lying on the bed Continuously 10

6 Prostrate oneself on Continuously 10
the bed

7 Exercise =~ Walk Continuously 10

8 Sit down and stand 1 time 30
up

9 Jump 5 time 30

10 Fall Falling forward 1 time 30

11 Fall down on your 1 time 30
knees

12 Fall backwards 1 time 30

13 Fall to the right 1 time 30

14 Fall to the left 1 time 30

15 Falling out of bed 1 time 30

and the respiratory system, and can induce changes in the
cardiovascular system through changes in breathing pat-
terns to maintain homeostasis in the human body.

For this reason, early changes in the cardiovascular sys-
tem and ANS were confirmed through analysis of the cardio-
vascular system according to the occurrence of movement.
The biggest change in the cardiovascular system that occurs
with movement is the change in heartbeat interval depending
on the position of the heart. When the position of the heart is
lowered, such as when sitting down or falling from a stand-
ing position, a rapid increase in heartbeat interval occurs.
The cause of this is confirmed to be a rapid change in blood
pressure and a homeostasis through the baroreflex [34, 35].
A sudden drop in heart position initially causes a rapid rise
in blood pressure. When blood pressure rises, heart rate is
reflexively reduced to stabilize blood pressure, resulting in
an increase in heartbeat interval. Ultimately, homeostasis in
the human body is maintained through a decrease in heart
rate and an increase in contraction [36]. A medical method
that can observe changes in the heart position, blood pres-
sure, and ANS is the head up tilt test [37]. That is, to further
observe changes in the ANS, SDNN and rMSSD of heart
rate variability were additionally analyzed.

Because action index 3, 13, and 14 in Fig. 3a show
similar changes in heartbeat interval, we assumed identical
ANS changes. However, the results were different. A rapid
increase in ANS activity was observed only in the falling
movement. In this study, the cause of this was determined to
be head movement. In the case of falling movements, rapid
movements and rotations of the head occur. Additionally, the
action of falling off the bed at action index 15 also showed

@ Springer

a similar increase in ANS. Among them, the vestibular sys-
tem, which is related to falls, is judged to be the cause [38,
39]. The vestibular system has the greatest correlation with
falls and is connected to the cranial nerves, so it can affect
the ANS and central nervous system at a faster rate [40].

General ANS activity appears as an increase in physical
stress. In the case of rapid breathing, it can increase blood
pressure, heart rate and stimulation of the ANS to the heart,
but it can also limit the function of expiration flow due to
increased work of the respiratory system due to decreased
respiratory endurance [41, 42]. These findings may explain
the decreased duration of expiration during the exercise
movement, as shown in Fig. 3b. However, what is interest-
ing is that the decrease in heart rate and rapid activation of
the ANS during a falling movement are opposite situations.
As a result, the time of inspiration of breathing increased.
Increased inspiratory time causes deep breathing, and deep
breathing has various effects on the ANS. deep breathing
can affect emotional responses, such as reducing pain inten-
sity and discomfort [43, 44], and can induce changes in the
ANS that increase RSA [45—49]. Additionally, it has been
confirmed that increased inspiration time during spontane-
ous breathing can improve mental stress and the cardiovas-
cular system by inducing deep breathing [50, 51]. In other
words, it can be seen that among the changes in heartbeat
interval caused by blood pressure, in the case of movements
that induce rapid changes in the autonomic nervous system,
participation in breathing for stability is induced.

Another criterion for determining the relationship
between the cardiovascular system and inspiratory time is
resistance to breathing. In index 10, 11, and 12 postures of
the falling movement, breathing is performed with the chest
parallel to the floor, and in index 13 and 14, breathing is
performed with the chest perpendicular to the floor. In other
words, it was judged that indices 13 and 14 showed greater
heartbeat interval changes than indices 10, 11, and 12, which
experienced higher resistance to breathing [52—54]. These
results may explain the potential relationship between dys-
pnea and cardiovascular disease due to abnormalities in the
autonomic nervous system and cardiovascular system due to
aging [55] and decrease in chest wall flexibility [56]. In this
study, conditions were not made equal for all participants.
It has the limitation of not being able to conduct individual-
ized analyzes such as ANS activity due to diet and smoking,
individual breathing rate and muscle mass, and intensity of
physical stress. However, this was overcome through quan-
tified average analysis using data obtained from 100 par-
ticipants measured in various physical stress environments.
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Fig.4 5 s average breathing length for breathing analysis by posture. (a) Change in total breathing length for 20 s per action, (b) Change in exhala-
tion length for 20 s per action, (¢) Change in Inspiratory length for 20 s per position
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5 Conclusion

The purpose of this study is to analyze the cardiovascular
and respiratory systems that occur due to physical stress,
identify effective breathing methods that can affect the car-
diovascular system, and propose breathing control methods.
In this study, it was confirmed that changes in blood pressure
and cardiovascular system that cause significant changes in
the ANS can be stabilized by increasing the inspiratory time
of breathing. It is expected that these results can be used
as a digital treatment that can prevent, manage, and treat
potential cardiovascular abnormalities that may occur in
a physical stress environment through a breathing method
that favors inhalation compared to exhalation time.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s13534-
024-00379-y.

Author contributions The structure of this study and the experimen-
tal method to ensure clinical value were designed by Daechang Kim,
Sanghee Im and Sungmin Kim. Data measurement and analysis were
conducted by Daechang Kim and Seungbin Baek. The interpretation
and consideration of the data results were conducted by Daechang
Kim, Seungbin Baek, and Seunghui Kim. The final version of the
manuscript, reviewed and edit was approved by Sanghee Im, Sungmin
Kim.

Funding This research was supported by a grant RS-2023-
00215716 from Ministry of Food and Drug Safety in 2024.

Declarations

Ethical approval This study was performed in line with the prin-
ciples of the Declaration of Helsinki. Approval was granted by the
Ethics Committee of Yonsei University Health System, Severance
Hospital(March 20, 2023/1-2023-0006).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent for publication The authors affirm that human research par-
ticipants provided informed consent for data publication. However,
authors do not use data that can guess the participants.

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright

@ Springer

holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Sears TA. The slow potentials of thoracic respiratory motoneu-
rones and their relation to breathing. J Physiol. 1964;175(3):404.

2. Kocjan J, et al. Network of breathing. Multifunctional role of the
diaphragm: a review. Adv Respiratory Med. 2017;85(4):224-32.

3. Courtney R. The functions of breathing and its dysfunctions
and their relationship to breathing therapy. Int J Osteopath Med.
2009;12(3):78-85.

4. Benchetrit G. Breathing pattern in humans: diversity and indi-
viduality. Respiration physiology 122.2-3 (2000): 123-9.

5. Bradley H, Joseph Dr Esformes. Breathing pattern disorders and
functional movement. Int J Sports Phys Therapy. 2014;9(1):28.

6. ChonanT, etal. Effects of changes in level and pattern of breathing
on the sensation of dyspnea. J Appl Physiol. 1990;69(4):1290-5.

7. Hale ZE, Singhal A, Renee Y, Hsia. Causes of shortness of
breath in the acute patient: a national study. Acad Emerg Med.
2018;25(11):1227-34.

8. Vaz Fragoso CA, Thomas M. Gill. Respiratory impairment
and the aging lung: a novel paradigm for assessing pulmonary
function. Journals Gerontol Ser A: Biomedical Sci Med Sci.
2012;67(3):264-75.

9. Sharma G. and James Goodwin. Effect of aging on respiratory
system physiology and immunology. Clinical interventions in
aging 1.3 (2006): 253-60.

10. Li Ting-ting, et al. Effect of breathing exercises on oxidative
stress biomarkers in humans: a systematic review and meta-anal-
ysis. Front Med. 2023;10:1121036.

11. Ferreira L et al. Respiratory training as strategy to prevent cogni-
tive decline in aging: a randomized controlled trial. Clin Interv
Aging (2015): 593-603.

12. Arnall D, Alan. Celedonia Igual Camacho, and José Manuel
Tomas. Effects of inspiratory muscle training and yoga breathing
exercises on respiratory muscle function in institutionalized frail
older adults: a randomized controlled trial. J Geriatr Phys Ther.
2014;37(2):65-75.

13. Levitt H. Mindful breathing, aging, and proper name Retrieval.
Diss. University of Colorado Colorado Springs; 2023.

14. Pradhan R, Pahantasingh S, Dey D. Deep breathing exercise and
quality of sleep: An experimental study among geriatrics. Euro-
pean Journal of Molecular &Clinical Medicine 7.8 (2020): 2020.

15. Nield MA, et al. Efficacy of pursed-lips breathing: a breathing
pattern retraining strategy for dyspnea reduction. J Cardiopulm
Rehabil Prev. 2007;27(4):23744.

16. O’Donnell DE, et al. Decline of resting inspiratory capacity in
COPD: the impact on breathing pattern, dyspnea, and ventilatory
capacity during exercise. Chest. 2012;141(3):753-62.

17. Mitsea E, Drigas A. Cutting-Edge technologies in Breathwork for
Learning Disabilities in Special Education. Technium Soc Sci J.
2022;34:136.

18. de Chicayban L, Lucia Emmanoel Novaes Malagris. Breathing
and relaxation training for patients with hypertension and stress.
Estudos De Psicologia (Campinas). 2014;31:115-26.

19. McCorry LK. Physiology of the autonomic nervous system. Am J
Pharm Educ. 2007;71:4.

20. Janig W, Heinz-Joachim Hibler. Specificity in the organization
of the autonomic nervous system: a basis for precise neural regu-
lation of homeostatic and protective body functions. Prog Brain
Res. 2000;122:351-67.

21. Kim D, et al. Stimulation method and individual health index
study for real-time cardiovascular and autonomic nervous system


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13534-024-00379-y
https://doi.org/10.1007/s13534-024-00379-y

Biomedical Engineering Letters

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

reactivity analysis using PPG signal. Biomed Signal Process
Control. 2022;76:103714.

Yasuma F, Jun-ichiro H. Respiratory sinus arrhythmia: why
does the heartbeat synchronize with respiratory rhythm? Chest.
2004;125(2):683-90.

Berntson GG, Cacioppo JT, Karen S. Quigley. Respiratory sinus
arrhythmia: Autonomic origins, physiological mechanisms,
and psychophysiological implications. Psychophysiology 30.2
(1993): 183-196.

Larsen PD et al. Respiratory sinus arrhythmia in conscious
humans during spontaneous respiration. Respiratory physiology
&neurobiology 174

Laborde S, et al. Effects of voluntary slow breathing on heart rate
and heart rate variability: a systematic review and a meta-analy-
sis. Neurosci &Biobehavioral Reviews. 2022;138:104711.

de Bruyne MC, et al. Both decreased and increased heart rate
variability on the standard 10-second electrocardiogram predict
cardiac mortality in the elderly: the Rotterdam Study. Am J Epi-
demiol. 1999;150(12):1282-8.

Hodgart E, Macfarlane PW. 10 second heart rate variability. Com-
puters in Cardiology, 2004. IEEE, 2004.

Munoz M, Loretto et al. Validity of (ultra-) short recordings for
heart rate variability measurements. PLoS ONE 10.9 (2015):
€0138921.

Kang J et al. Ten-second heart rate variability, its changes over
time, and the development of hypertension. Hypertension 79.6
(2022): 1308-18.

Sant’ Ambrogio, Giuseppe H, Tsubone, Franca B. Sant’ Ambrogio.
Sensory information from the upper airway: role in the control of
breathing. Respir Physiol. 1995;102(1):1-16.

Tzeng YC, et al. Respiratory modulation of cardiovagal barore-
flex sensitivity. J Appl Physiol. 2009;107(3):718-24.

Wang Y-P, et al. Effects of respiratory time ratio on heart rate
variability and spontaneous baroreflex sensitivity. J Appl Physiol.
2013;115(11):1648-55.

Denver JW, Shawn F, Reed. Porges. Methodological issues in
the quantification of respiratory sinus arrhythmia. Biol Psychol.
2007;74(2):286-94.

Eser I, et al. The effect of different body positions on blood pres-
sure. J Clin Nurs. 2007;16(1):137-40.

Mukai S. Heart rate and blood pressure variabilities during graded
head-up tilt. J Appl Physiol. 1995;78(1):212—6.

Dieterich M, Brandt T. Perception of verticality and vestibular
disorders of balance and falls. Front Neurol. 2019;10:172.
Agrawal Y, et al. Diabetes, vestibular dysfunction, and falls: anal-
yses from the National Health and Nutrition Examination Survey.
Otology Neurotology. 2010;31(9):1445-50.

Kim D, et al. The sound stimulation method and EEG change
analysis for development of digital therapeutics that can stimu-
late the nervous system: cortical activation and drug substitution
potential. CNS Neurosci Ther. 2023;29(1):402—11.

Kuroiwa Y, Wada T, Tohgi H. Measurement of blood pressure
and heart-rate variation while resting supine and standing for the
evaluation of autonomic dysfunction. J Neurol. 1987;235:65-8.
Zaregarizi M, et al. Acute changes in cardiovascular function dur-
ing the onset period of daytime sleep: comparison to lying awake
and standing. J Appl Physiol. 2007;103(4):1332-8.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Nikolic-Popovic J, Goubran R. Measuring heart rate, breathing
rate and skin conductance during exercise. 2011 IEEE interna-
tional symposium on medical measurements and applications.
IEEE, 2011.

Guenette JA, Sheel AW. Physiological consequences of a high
work of breathing during heavy exercise in humans. J Sci Med
Sport. 2007;10(6):341-50.

Zautra AJ et al. The effects of slow breathing on affective
responses to pain stimuli: an experimental study. Pain® 149.1
(2010): 12-8.

Fumoto M, Sato-Suzuki I, Seki Y, Mohri Y, Arita H. Appear-
ance of high-frequency alpha band with disappearance of low-
frequency alpha band in EEG is produced during voluntary
abdominal breathing in an eyes-closed condition. Neurosci Res.
2004;50:307—-17. https://doi.org/10.1016/j.neures.2004.08.005.
Park YJ, Park YB. Clinical utility of paced breathing as a concen-
tration meditation practice. Complement Ther Med. 2012;20:393—
9. https://doi.org/10.1016/j.ctim.2012.07.008.

Zaccaro A et al. How breath-control can change your life: a
systematic review on psycho-physiological correlates of slow
breathing. Front Hum Neurosci (2018): 353.

Joseph CN et al. Slow breathing improves arterial baroreflex sen-
sitivity and decreases blood pressure in essential hypertension.
Hypertension 46.4 (2005): 714-8.

Russo MA, Danielle M, Santarelli, Dean O’Rourke. Physiologi-
cal Eff slow Breath Healthy Hum Breathe. 2017;13(4):298-309.
Bernardi L, et al. Slow breathing reduces chemoreflex response
to hypoxia and hypercapnia, and increases baroreflex sensitivity.
J Hypertens. 2001;19(12):2221-9.

Perciavalle V, et al. The role of deep breathing on stress. Neurol
Sci. 2017;38(3):451-8.

McCraty R, Atkinson M, Dispenza J. One-minute deep breathing
assessment and its relationship to 24-h heart rate variability mea-
surements. Heart Mind. 2018;2(3):70-7.

Kassim Z, et al. Sleeping position, oxygen saturation and lung
volume in convalescent, prematurely born infants. Archives Dis-
ease Childhood-Fetal Neonatal Ed. 2007;92(5):347-50.

Szollosi 1, et al. Lateral sleeping position reduces sever-
ity of central sleep apnea/Cheyne-Stokes respiration. Sleep.
2006;29(8):1045-51.

Joho S, et al. Impact of sleeping position on central sleep apnea/
Cheyne—Stokes respiration in patients with heart failure. Sleep
Med. 2010;11(2):143-8.

Lipsitz LA. and Vera Novak. Aging and the autonomic nervous
system. Primer on the autonomic nervous system. Academic;
2012. pp. 271-3.

Lalley PM. The aging respiratory system—pulmonary struc-
ture, function and neural control. Respir Physiol Neurobiol.
2013;187(3):199-210.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.neures.2004.08.005
https://doi.org/10.1016/j.ctim.2012.07.008

	﻿Analysis of breathing patterns to stabilize cardiovascular changes in physical stress environments : inspiration responds to rapid changes in blood pressure
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Method
	﻿2.1﻿ ﻿Participant recruitment
	﻿2.2﻿ ﻿Clinical trial design
	﻿2.3﻿ ﻿Data measurement and analysis

	﻿3﻿ ﻿Result
	﻿3.1﻿ ﻿Changes in heart rate variability by movement
	﻿3.2﻿ ﻿Changes in inspiration and exhalation times by movement

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusion
	﻿References


