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Abstract 
Background: The optimal breathing pattern (BP) to effectively regulate au-
tonomic nervous activity is yet to be determined. Objective: We aimed to cla-
rify the effects of four BPs (BP-1, BP-2, BP-3, and BP-4) on autonomic nervous 
activity and mood changes. Methods: Eleven healthy adult female volunteers 
performed each BP in a sitting position for 5 min in a resting state. The time 
required for one breathing for BP-1 (30 breaths/min), BP-2 (20 breaths/min), 
BP-3 (15 breaths/min), and BP-4 (10 breaths/min) were 2 s, 3 s, 4 s, and 6 s, re-
spectively. The inspiratory/expiratory time of one breathing was 1 s/1 s, 1 s/2 s, 2 
s/2 s, and 2 s/4 s. The high-frequency component (HF) and low-frequency com- 
ponent (LF)/HF ratio during and before (control) performing a BP were calcu-
lated from heart rate variability data recorded using the wearable biometric in-
formation tracer M-BIT. Three mood changes, which are, “pleasure—unplea- 
sure”, “relaxation—tension”, and “sleepiness—arousal”, in the subjects were as-
sessed using the visual analog scale (VAS) before and after performing a BP. 
Results: Slower breathing induced an increase in HF power and a reduction in 
LF/HF ratio, indicating increased parasympathetic activity and decreased sym-
pathetic dominance. Furthermore, VAS revealed that slower breathing increased 
the tendency to feel “pleasure”, “relaxation”, and “sleepiness”. Conclusion: Our 
results suggest that slower breathing predominates parasympathetic activity in 
the autonomic nervous system, resulting in a relaxing effect. This result may 
help lay the foundation for deriving breathing methods that efficiently regulate 
an individual’s autonomic activity. 
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1. Introduction 

Homeostasis is the property of maintaining a constant physiological function 
regardless of changes in internal and external environmental factors and is ex-
tremely important for human health. It is maintained by balancing the three 
functions of the autonomic nervous, endocrine, and immune systems [1]. One of 
the factors that disturb this balance is “stress”. Cortisol, a representative stress hor-
mone, is secreted into the blood from the adrenal cortex via the hypothalamic- pi-
tuitary-adrenal (HPA) axis upon receiving a stress stimulus and induces a stress 
response. It is an essential hormone for the body that has various metabolic ac-
tions such as hepatic gluconeogenesis, lipolysis, protein metabolism, and hypog-
lycemic action, and it is also involved in anti-inflammatory and immunosup-
pressive actions. However, excessive stress chronically increases the secretion of 
cortisol, resulting in stress-related physical and psychological symptoms, in-
cluding insomnia, depression, anxiety, headaches, and diminished attention [2]. 
Therefore, understanding how to deal with stress is crucial in the modern society 
called “stress society”. Recently, attention has been focused on approaches for 
controlling the imbalance of autonomic nervous activity caused by stress: exces-
sive sympathetic nerve activity and decreased parasympathetic nerve activity. 
One of these approaches is abdominal breathing [3] [4]. This utilizes the regula-
tory mechanisms of the respiratory and circulatory systems, which increases the 
heart rate (sympathetic nerve activity) in the inspiratory phase and decreases the 
heart rate (parasympathetic nerve activity) in the expiratory phase to regulate 
the autonomic nervous system. 

We breathe unknowingly, but in breathing controlled by the autonomic nervous 
system, inspiration and expiration are controlled by the sympathetic and para-
sympathetic nerves, respectively [5]. In other words, sympathetic and parasym-
pathetic activities are affected by inspiration and exhalation, respectively [6] [7]. 
Thus, breathing is the only way to consciously control the activity of the auto-
nomic nervous system. 

We can consciously control the speed and frequency of breathing. Therefore, 
consciously controlling unconscious breathing makes it possible to balance the 
sympathetic nerve and parasympathetic nerve activities. The advantage of using 
conscious breathing methods is that they can alleviate and prevent various phys-
ical and psychological symptoms caused by imbalances in the activity of the au-
tonomic nervous system. 

Autonomic imbalance (or dysautonomia) is more common in women than in 
men. This is because women are more susceptible to hormonal imbalances than 
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men. Specifically, menstruation, pregnancy, childbirth, and menopause have a sig-
nificant impact on hormone balance and the autonomic nervous system. Con-
scious breathing techniques may alleviate dysautonomia in women [8]. For ex-
ample, it has been reported that attempting a slow breathing pattern (BP) in-
creases parasympathetic activity and has an effective relaxing effect [9] among 
women with premenstrual syndrome (PMS) or dysmenorrhea who have mental 
and physical stress symptoms, such as active sympathetic activity and difficulty in 
relaxing [9] [10]. However, more scientific evidence is needed to verify the op-
timal BP to effectively regulate its activity. 

Recent advances in science and technology have made it easier to understand 
the balance between sympathetic and parasympathetic activation by analyzing 
heart rate variability (HRV). Power spectral analysis of HRV has been widely used 
to quantify the regulatory state of autonomic nervous system activity [11] [12]. 
This technique partitions the total variance of HRV into its frequency compo-
nents, typically identifying two main peaks, which is, low (LF, 0.04 - 0.15 Hz) and 
high frequencies (HF, 0.15 - 0.4 Hz). It has been widely believed that the HF 
peak reflects parasympathetic nerve activity, while the LF reflects both parasym-
pathetic and sympathetic components. Therefore, the LF-to-HF (LF/HF) ratio 
could be used to quantify the changing relationship between sympathetic and 
parasympathetic activities in health and disease [12]. That is, a higher LF/HF ra-
tio indicates sympathetic dominance, whereas a lower ratio indicates parasym-
pathetic dominance [7] [13]. 

In this study, four breathing patterns (BPs) were performed in 11 healthy adult 
female volunteers to determine the effects of conscious breathing on autonomic ac-
tivity and mood in women. Slow breathing and prolonged exhalation are widely 
thought to activate the parasympathetic nerves, resulting in a relaxed state [6] [7] 
[14] [15]. The four BPs used in this study have two elements: respiratory rate (10 - 30 
breaths/min) and exhalation (inspiration/exhalation ratio = 1:1 and 1:2). The auto-
nomic activity was assessed using the HF component and LF/HF ratios from HRV 
power spectral analysis. Mood status was assessed using the visual analog scales 
(VAS) for “pleasure—unpleasure”, “relaxation—tension”, and “sleepiness—arousal”. 

2. Methods 
2.1. Participants 

In total, 11 healthy female subjects, who provided informed consent, were ex-
amined in this study. The mean ± standard error of participants’ age, height, 
weight, and obesity index was 32.2 ± 5.1 years, 161.0 ± 6.4 cm, 48.4 ± 4.4 kg, and 
18.7 ± 1.9, respectively. Participants were instructed not to eat one hour before the 
measurement and not to consume caffeine on the day of the study. They were also 
instructed to sleep well, avoid strenuous exercise, and refrain from drinking alco-
hol the day before. We confirmed that participants adhered to these instructions 
on themselves reports. 
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2.2. Ethics 

This investigation was carried out in accordance with the Helsinki Declaration, 
and all subjects provided informed consent. The study protocol was approved by 
the Ethics Committee of Juntendo University Graduate School of Health and 
Sports Science, Japan (Grad. 29-59). 

2.3. Experimental Design 

In this experiment, four types of BPs, that is, BP-1, BP-2, BP-3, and BP-4, as shown 
in Table 1, were set to investigate the relationship between breathing method and 
autonomic nervous activity or mood status. Experiments were performed in a 
quiet room set at room temperature 25˚C - 28˚C and humidity 40% - 60%. Each 
subject performed a different BP once a day for 4 days. 

For BP-1, the inspiratory/exhalation time ratio (TI/TE ratio) was set to 1:1 and 
consisted of 1-s inspiratory time (TI) and 1-s expiratory time (TE). The time re-
quired for one breath (breathing cycle) was 2 s, and the respiratory rate was 30 
breaths/min. For BP-2, the TI/TE ratio was set to 1:2 and consisted of a 1-s TI and 
a 2-s TE. The time required for one breath was 3 s, implying that the respiratory 
rate was 20 breaths/min. For BP-3, the TI/TE was 1:1, similar to BP-1, but the TI 
and TE were twice as long as BP-1. The time required for one breath was 4 s, and 
the respiratory rate was 15 breaths/min. In the case of BP-4, the TI/TE was 1:2, 
which was similar to BP-2, but the TI and TE were twice as long as BP-2. The time 
required for one breath was 6 s, and the respiratory rate was 10 breaths/min.  

The experimental procedure, as shown in Figure 1, was explained to the sub-
jects before the experiment. The experimental time for each BP was 35 min. Brief-
ly, all female subjects attached an M-BIT to their left chest to obtain HRV data. 
After a 30-min rest in the sitting position, a BP was performed for 5 min. HRV 
data during the 5-min BP and for 10 min before performing BP were recorded 
using M-BIT. The data acquired before performing each BP served as a prelimi-
nary value (control). Additionally, the mood status of each subject was assessed 
using a VAS 5 min before and immediately after performing the BP. All parame-
ters were assessed by the rate of change of the pre-values before performing BP. 

 
Table 1. Four types of breathing patterns used in this study. 

Breathing  
pattern (BP) 

Inspiratory and expiratory time (sec) 
per one breathing One breathing 

time (sec) 
Respiratory rate 
(breaths/min) 

Inspiration Expiration 

BP-1 1 1 2 30 

BP-2 1 2 3 20 

BP-3 2 2 4 15 

BP-4 2 4 6 10 

One breathing time for BP-1 (30 breaths/min), BP-2 (20 breaths/min), BP-3 (15 
breaths/min), and BP-4 (10 breaths/min) was 2 s, 3 s, 4 s, and 6 s, respectively. The inspi-
ratory/expiratory time (TI/TE) of one breathing for BP-1, BP-2, BP-3, and BP-4 was 1 s/1 
s, 1 s/2 s, 2 s/2 s, and 2 s/4 s, respectively. 
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Figure 1. Experimental schedule HRV data during the 5-min 
BP and for 10 min before performing BP were recorded us-
ing M-BIT. The subject’s mood was assessed using VAS be-
fore and after performing a BP. 

2.4. Measurement of Autonomic Nervous Function Using M-BIT 

HRV data for assessing autonomic nervous function were recorded using the 
wearable biometric information tracer, M-BIT (Institute of Man and Science, 
INC, Japan). HF component and LF/HF ratio were analyzed using the BIT anal-
ysis software (Institute for Research in Humanities). The HF component and 
LF/HF ratio were used as indicators of parasympathetic activity and sympathetic 
dominance of autonomic activity. The effect of the 5-min BP on each parameter 
was assessed by the rate of change of the pre-values for 10 min before perform-
ing BP. 

2.5. Evaluation of Mood Status Using VAS 

Mood states, including “pleasure—unpleasure”, “relaxation—tension”, and “slee-
piness—arousal”, were assessed for all subjects before and after performing each 
BP using three 100-mm VAS [16]. Briefly, the left point (0 mm) on each VAS 
line indicated “pleasure, relaxation, or sleepiness”, and the right point (100 mm) 
indicated “unpleasure, tension, or arousal”. All subjects marked the degree of their 
mood on the line. The intensities of unpleasure, tension, and arousal were quanti-
fied by measuring the distance from 0 mm. The effect of each BP on the mood sta-
tus was assessed by the rate of change before (control) and after performing the BP. 

2.6. Statistical Analyses 

All values are represented as the mean ± S.E.M. Statistical analysis among BP 
groups was performed using Dunn’s multiple comparison test after Friedman’s 
nonparametric factorial analysis in the GraphPad Prism software version 8.4.2 
(GraphPad Software Inc., San Diego, CA, USA). The accepted significance level 
was P < 0.05. 

3. Results 
3.1. Effects of Breathing Patterns on Autonomic Nervous Activity 

Figure 2 shows the effects of four BPs (BP-1, 30 breaths/min; BP-2, 20 breaths/min; 
BP-3, 15 breaths/min; and BP-4, 10 breaths/min) on (A) HF component and (B) 
LF/HF ratio. A very high exponential approximation correlation (R2) was found 
between the BP (i.e., respiratory rate) and (A) HF components (R2 = 0.9761) or 
(B) LF/HF ratio (R2 = 0.9697). It was discovered that slower breathing had a high-
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er HF than faster breathing and, conversely, a lower LF/HF ratio. 
Comparing BP-1 and BP-3, the TI/TE ratio was the same as 1:1, but the TI and 

TE of BP-3 were found to be twice as long as those of BP-1. Moreover, the TI/TE 
ratio of BP-2 and BP-4 was the same as 1:2, but the TI and TE of BP-4 were twice 
as long as those of BP-2. Thus, BP-3 and BP-4, which reduced the respiratory rate 
by doubling TI and TE, were noted to have a higher HF component and a lower 
LF/HF ratio than BP-1 and BP-2. 

Furthermore, a comparison of BP-1 and BP-2 or BP-3 and BP-4 revealed the ef-
fect of TE on the HF component and LF/HF ratio. Respiratory rates of BP-2 and 
BP-4 were reduced by increasing the TE by twice the TI of BP-1 and BP-3, respec-
tively. As a result, BP-2 and BP-4, which reduced the respiratory rate by doubling 
TE, had a higher HF component and a lower LF/HF ratio than BP-1 and BP-3. 

Factorial analysis detected significant differences in both HF (F = 18.93, P < 
0.001) and LF/HF (F = 13.58, P < 0.001). Post-hoc analysis found a statistically 
significant difference between BP-1 and BP-3 (P < 0.05) or BP-4 (P < 0.001) in 
the HF component. Additionally, the LF/HF ratio showed a statistically signifi-
cant difference between BP-1 and BP-2 (P < 0.05), BP-3 (P < 0.01), or BP-4 (P < 
0.05). 

 

 
Figure 2. Correlation between the respiratory rate and HF component (A) or LF/HF ratio 
(B) in the four BPs. HRV data for 5 min during BP and 10 min before performing BP 
were recorded using M-BIT. The HF component and LF/HF ratio from the HRV data 
were analyzed using the BIT analysis software. The effect of the 5-min BP on each para-
meter was assessed by the rate of change of the 10-min pre-values. The data represent the 
mean ± SEM (n = 11). Statistical analysis was performed using Türkiye’s multiple com-
parison test. **P < 0.01, ***P < 0.001, and ****P < 0.0001. ns: No significance. 
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Considering that the HF component indicates parasympathetic activity and the 
LF/HF ratio indicates sympathetic dominance, it was demonstrated that slower 
breathing increased parasympathetic activity; conversely, faster breathing de-
creased parasympathetic activity and increased sympathetic dominance of auto-
nomic activity. 

3.2. Effects of Breathing Patterns on Moods 

Figure 3 shows the effects of four BPs on three moods as assessed using the VAS: 
(A) pleasure—unpleasure, (B) relaxation—tension, and (C) sleepiness—arousal. 
Factorial analysis detected significant differences between pleasure—unpleasure 
and respiratory rate among the four BPs (F = 13.25, P < 0.001). Post-hoc analysis 
found statistically significant differences between BP-1 and BP-3 (P < 0.05) or 
BP-4 (P < 0.01). With respect to relaxation-tension and sleepiness-arousal, no 
statistically significant differences were detected among the four BPs. However, a 
very high exponential approximation correlation (R2 > 0.9) was found between 
the respiratory rate and each VAS mood, with or without statistical significance. 
These results imply that slower breathing caused “pleasure”, “relaxation”, and 
“sleepiness”, and as breathing became faster, it turned into “unpleasure”, “ten-
sion”, and “arousal”.  
 

 
Figure 3. Correlation between respiratory rate and mood changes in the four BPs. Pleasure—unpleasure (A), 
relaxation—tension (B), and sleepiness—arousal (C) were assessed using VAS before and after performing each BP. 
The data calculated as the rate of change before and after performing each BP represent the mean ± SEM (n = 11). 
Statistical analysis was performed using Tukey’s multiple comparison test. 
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Comparing BP-1 and BP-3, the TI/TE ratio was the same as 1:1, but the TI 
and TE of BP-3 were twice as long as those of BP-1. The TI/TE ratio of BP-2 and 
BP-4 was also the same as 1:2, but the TI and TE of BP-4 were twice as long as 
those of BP-2. BP-3 and BP-4 with slower breathing tended to be more “plea-
sure”, “relaxation”, and “sleepiness” than BP-1 and BP-2 with faster breathing. 
These results indicate that doubling TI and TE to reduce the respiratory rate in-
creases the tendency to feel “pleasure”, “relaxation”, and “sleepiness”. 

Additionally, a comparison of BP-1 and BP-2, as well as BP-3 and BP-4, indi-
cated the effect of TE on mood. Respiratory rates of BP-2 and BP-4 were reduced 
by doubling the TE of BP-1 and BP-3, respectively. Therefore, BP-2 and BP-4 
tended to be more “pleasure”, “relaxation”, and “sleepiness” than BP-1 and BP-3, 
respectively. These results indicate that slower breathing with longer TE increases 
the tendency to feel “pleasure”, “relaxation”, and “sleepiness”. 

4. Discussion 

In the spectral analysis of HRV, LF (0.04 - 0.15 Hz), and HF (0.15 - 0.40 Hz), two 
critical frequency domain parameters have been widely used to evaluate auto-
nomic activity: LF power reflects both sympathetic and parasympathetic activi-
ties, while HF power reflects the parasympathetic activity. Furthermore, the 
LF/HF ratio reflects the balance between sympathetic and parasympathetic ac-
tivities, i.e., sympathetic dominance of autonomic activity [17]. The HF compo-
nent is also referred to as the respiratory component or respiratory sinus arr-
hythmia, as it coincides with the respiratory cycle, and its peak frequency de-
pends on the respiratory rhythm, such as respiratory rate, inspiration, and expi-
ratory ratio [18] [19]. Therefore, if the breathing is too fast or too slow, the res-
piratory component will not fit into the HF band. Particularly, when the respi-
ratory rate is <9 breaths/min, the HF component peak shifts toward the LF band 
so that the apparent HF component decreases while the LF component and 
LF/HF ratio increase. This could result in a misinterpretation of sympathetic and 
parasympathetic activities [7] [17]. Therefore, in this study, we set four BPs (10 - 
30 breaths/min), namely, BP-1, BP-2, BP-3, and BP-4, which can completely 
separate the LF and HF components, and investigate the relationship between 
respiratory rate and autonomic nervous activity. 

A very high exponential approximation correlation was found between respi-
ratory rate and HF component or LF/HF ratio (Figure 2), implying that slower 
breathing had higher HF power and a lower LF/HF ratio than faster breathing. 
In contrast, faster breathing reduced HF power and increased the LF/HF ratio. 
Considering that the HF component reflects parasympathetic activity and the 
LF/HF ratio reflects the sympathetic dominance of autonomic activity [7] [12] 
[13], these results suggest that slower breathing increases parasympathetic activ-
ity and decreases the sympathetic dominance of the autonomic activity. Con-
versely, faster breathing is suggested to decrease parasympathetic activity and 
increase the sympathetic dominance of autonomic activity. This result is consis-
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tent with reports that reducing the respiratory rate suppresses sympathetic nerve 
activity and activates parasympathetic nerve activity [14]. 

Additionally, comparing BPs with TI/TE ratios of 1:1 and 1:2, it was discov-
ered that the 1:2 slower breathing had higher HF power and lower LF/HF ratio 
than the 1:1 faster breathing. This result is supported by previous reports that 
prolonged exhalation breathing activates parasympathetic function [6]. One of 
the causes is thought to be the movement of the diaphragm during abdominal 
breathing, which then prolongs exhalation and functions as a stimulus to the 
parasympathetic nerves [20]. 

Parasympathetic activity is known to be promoted during rest and relaxation. 
For example, listening to slow-tempo music has been demonstrated to increase 
parasympathetic activity and relaxing effects due to increased salivary oxytocin 
levels and HF components and decreased heart rate [21]. Furthermore, in wom-
en in the early postpartum period, who often show instability in autonomic ac-
tivity, back massage has been reported to increase parasympathetic dominance, 
such as decreased blood pressure and heart rate and increased HF, resulting in 
increased relaxation [22]. In this study, the relationship between the four BPs 
and mood changes, such as “pleasure—unpleasure”, “relaxation—tension”, and 
“sleepiness—arousal”, was evaluated using VAS. A very high correlation was ob-
served between breathing frequency and these three mood swings (Figure 3). 
Faster breathing (BP-1), with low HF component power, had higher VAS indi-
cators of unpleasure, tension, and arousal compared to slower breathing (BP-4). 
Conversely, slower breathing, including expiratory prolongation with a higher 
HF component, shifted the VAS index to pleasure, relaxation, and sleepiness. 
This result suggests that slower breathing, including prolonged exhalation and 
increased parasympathetic activity, provided a relaxing effect. 

The LF/HF ratio increased with increasing respiratory rate, and the VAS in-
dex revealed higher unpleasure, tension, and arousal. Conversely, the LF/HF ra-
tio decreased with slower breathing, including prolonged exhalation, and the 
VAS index shifted to pleasure, relaxation, and sleepiness. This result indicates 
that the relaxing effect was caused by the relative decrease in the sympathetic 
nerve activity of the autonomic nervous balance. 

Limited to the experimental conditions in this study, our findings indicate 
that slower breathing (BP-3 and BP-4) induced by prolongation of both TI and 
TE, or prolongation of TE, predominates parasympathetic activity in the auto-
nomic nervous system, which, in turn, could result in a relaxing effect. 

This study was conducted in healthy women because autonomic imbalance is 
more common in women than in men [8]. However, conscious abdominal 
breathing has been attempted for relaxation, health maintenance, and stress 
management in various fields, such as healthy people [23], elderly people [2], 
athletes [20], women with PMS and dysmenorrhea [9], patients with impaired 
pulmonary function [14], and patients with essential hypertension [11]. Thus, 
our results may help lay the foundation for deriving respiratory methods that ef-
ficiently regulate individual autonomic activity in various fields. 
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5. Conclusion 

Slower breathing induced by prolongation of TI and TE, or of TE, predominates 
parasympathetic activity in the autonomic nervous system, resulting in a relax-
ing effect. Among the BPs examined in this study, BP-4 (respiratory rate: 10 
breaths/min, breathing cycle: 6 s, TI/TE: 2 s/4 s) was the most suitable breathing 
pattern for relaxation. 
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