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Abstract: In this study, we investigate the relationship between breathing patterns and cardiac 
autonomic nervous activity during spontaneous breathing. Electrocardiograms and respiratory 
signals were simultaneously monitored in six subjects for 5 minutes while in a seated position. The 
inhalation/exhalation ratio (i/e) was calculated, and its variance was compared with the heart rate 
variability index. The results showed that inhalation time tended to be longer than exhalation time, 
with the inhalation-to-exhalation ratio ranging from 1.074 to 1.423. Additionally, one subject 
exhibited an unusually slow respiratory cycle. The inhalation/exhalation ratio was not consistently 
associated with changes in the LF/HF ratio of heart rate variability, indicating individual differences. 
These findings suggest that while breathing patterns play a role in autonomic nervous system 
regulation and may have applications in stress and respiratory health management, there are 
limitations to these associations. 

Keywords: breathing patterns; cardiac autonomic nervous activity; heart rate variability (HRV); 
inhalation/exhalation ratio (i/e); Stress and respiratory health management 
 

1. Introduction 

A respiratory curve is a wave-shaped representation of respiratory movements, providing 
insights into breathing depth, respiratory rate, and ventilation status. Respiratory pattern analysis 
has long been utilized for screening respiratory diseases, enabling clinicians to assess and monitor 
lung function and airflow. In particular, measuring respiratory timing—especially the inspiratory 
and expiratory phases—is crucial for identifying obstructive airway diseases such as asthma and 
chronic obstructive pulmonary disease (COPD). These conditions often exhibit characteristic changes 
in respiratory timing, which can be captured in the flow-volume curve (FVC) and used as a diagnostic 
indicator. FVC is a test that measures how quickly air can be exhaled after maximum inhalation, 
allowing the evaluation of airway and bronchial patency and the severity of obstructive ventilation 
impairment. It is widely used and well-researched[1–3]. The peak flow, or maximum expiratory flow 
rate, refers to the highest speed of air exhaled forcefully and is particularly useful for asthma 
management. In individuals with asthma, airway narrowing and increased sputum viscosity slow 
exhalation, resulting in a reduced peak flow value. One contributing factor is "shallow breathing," 
often caused by a lack of physical activity and stress. 

Beyond its clinical applications in diagnosing respiratory disorders, breathing balance 
measurement has gained attention in autonomic nervous system (ANS) regulation [4–6]. The ANS, 
which controls involuntary physiological functions, is influenced by various factors, including 
breathing patterns. In recent years, slow, controlled breathing techniques have been widely adopted 
for autonomic regulation, particularly in managing over-arousal and stress [7–10]. Techniques such 
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as diaphragmatic breathing and paced breathing are used clinically to promote relaxation and reduce 
stress. These methods enhance parasympathetic nervous activity, lowering heart rate and improving 
heart rate variability (HRV), which is associated with relaxation and mental calmness. As a result, 
slow breathing is often recommended for managing anxiety, stress, and other mental health 
conditions. 

This study examines the relationship between the exhalation-to-inhalation ratio and autonomic 
nervous activity, focusing on individual differences in respiratory timing. Specifically, it aims to 
address two key questions: (1) To what extent do individual differences exist in the exhalation-to-
inhalation ratio? (2) When exhalation time is significantly longer than inhalation time, does this 
balance correlate with heart rate variability measures, particularly the LF/HF ratio, which is 
commonly used to assess stress and relaxation levels? By exploring these relationships, this study 
seeks to enhance our understanding of how breathing patterns influence autonomic nervous system 
regulation and stress management. The findings are expected to contribute to health monitoring and 
interventions aimed at improving respiratory and emotional well-being. 

2. Materials and Methods 

2.1. Participants 

This study was conducted with six healthy adult participants (age 37.8 ± 12.8, 3 females), all of 
whom provided informed consent before participation. The study protocol adhered to the ethical 
guidelines of the Declaration of Helsinki and was approved by the institutional ethics review board; 
it was conducted with the approval of the Ethics Committee of Nagoya City University Hospital 
(Approval No. 60-18-0211, approved on March 22, 2019). 

Participants had no history of cardiovascular or respiratory diseases and were not taking any 
medications that could affect autonomic nervous system activity. In addition, the following subjects 
were excluded from the study. 

Exclusion Criteria for Participants; 

• Individuals with respiratory diseases 

Diagnosed with chronic obstructive pulmonary disease (COPD), asthma, interstitial lung 
disease, or other respiratory conditions. 

• Individuals with cardiovascular diseases 

Suffering from heart failure, arrhythmias (especially those affecting respiration), or severe 
hypertension. 

• Individuals with neurological or muscular disorders 

Diagnosed with amyotrophic lateral sclerosis (ALS), myasthenia gravis, Parkinson's disease, or 
other conditions that may impact respiratory function. 

• Individuals diagnosed with sleep apnea syndrome (SAS) 

Particularly those with moderate to severe sleep apnea. 

• Individuals regularly taking medications that suppress respiration 

Long-term users of sleeping pills, opioid analgesics, benzodiazepines, or other drugs that may 
affect breathing patterns. 

• Individuals who have consumed caffeine or alcohol within the past three hours 

As these substances may influence respiratory rhythm and autonomic nervous system activity. 

• Smokers who have smoked within the past six hours 

Due to the potential acute effects on airway constriction and ventilation capacity. 

• Individuals with severe obesity (BMI ≥ 35) 

As significant changes in respiratory patterns may occur. 
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• Pregnant or lactating individuals 

Due to hormonal and physiological changes that may affect breathing. 

• Other cases deemed inappropriate by the principal investigator 

If participation poses safety risks or may compromise the reliability of the data. 

2.2. Measurement of Respiratory and Cardiac Signals 

Respiratory patterns were recorded using a Dymedix sensor, a highly sensitive respiratory effort 
sensor designed to capture respiratory waveforms with minimal signal distortion (Triple Play 
Airflow Sensor II, PVDF, manufactured by Miyuki Giken Co., Ltd., Japan.). This sensor is a type of 
thermistor, semiconductor resistor whose resistance changes significantly with temperature. It can 
be used to detect breathing activity by sensing temperature variations near the nostrils. When a 
person exhales, warm and humid air passes through the nose, causing a rise in local temperature. 
The thermistor detects this change, and its resistance decreases accordingly. This resistance change 
is converted into a temperature reading and displayed over time on a graph. Vertical axis (Y-axis): 
Represents temperature (in °C or K), as measured by the thermistor. Horizontal axis (X-axis): 
Represents time, showing the progression of breathing cycles. During exhalation, the temperature 
rises, indicating active breathing. During inhalation or breath-holding, the temperature drops. These 
temperature patterns reflect the depth, rate, and regularity of breathing. By analyzing the waveform 
of temperature changes, the presence or absence of breathing and various respiratory patterns can be 
non-invasively monitored in real time. 

Simultaneously, electrocardiograms (ECG) were recorded using a standard lead system to 
analyze heart rate variability (HRV). All measurements were conducted while participants remained 
seated in a resting state to minimize movement artifacts. The recording duration for each participant 
was 5 minutes. Physiological signals, including electrocardiograms (ECG) and respiratory 
waveforms, were recorded for each participant. The sampling frequency was set at 1 kHz. The ECG 
signal was measured using the three-lead method. Gel electrodes were placed on the upper chest 
below the right clavicle, below the left clavicle, and at the lower end of the left ribs, and these three 
electrodes formed the II lead to obtain the ECG waveform. The area below the clavicle has relatively 
little muscle mass, resulting in minimal noise (myoelectric activity) caused by muscle movement. 
Additionally, the area above the ribs is less affected by body movements. Lead II reflects the 
conduction of cardiac excitation from the right upper to the left lower region, making it suitable for 
capturing the R wave. Participants were instructed to remain seated in a resting state and breathe 
spontaneously to minimize external influences on autonomic function. 

Respiratory waveforms were analyzed to determine the inhalation-to-exhalation (i/e) ratio and 
its variability. For each breathing cycle, the peak time (Tp) and bottom time (Tb) of the respiratory 
curve were identified, and inspiratory and expiratory times were calculated as follows. Inhalation is 
the period from the end of exhalation (bottom) to the end of inspiration (peak), and was calculated 
using the following formula: 

𝑇୧ = 𝑇௣
(௡)

− 𝑇௕
(௡) 

𝑇𝑖 indicates the inhalation time of the 𝑛th respiratory cycle, 𝑇(n)𝑏 indicates the time (bottom) of 
the end of exhalation (= the start of inhalation) of the nth respiratory cycle, and 𝑇(n)𝑝 indicates the 
time (peak) of the end of inhalation of the nth respiratory cycle. 

Exhalation is the period from the end of inspiration (peak) to the end of the next exhalation 
(bottom), and can be expressed by the following formula: 

𝑇 = 𝑇௕
(௡ାଵ)

− 𝑇௣
(௡) 

Te indicates the expiratory time of the 𝑛th respiratory cycle, T(n+1)b indicates the time (bottom) 
of the end of exhalation (= the start of inspiration) of the n+1th respiratory cycle, and 𝑇(n)p indicates 
the time (peak) of the end of inspiration in the nth respiratory cycle. 

The inhalation-exhalation ratio (i/e ratio) is expressed by the following formula: 
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𝑖
𝑒ൗ =

𝑇௜
𝑇௘

 

By calculating this value for each respiratory cycle, the variability of the i/e ratio can be 
calculated (Figure 1.). 

 
Figure 1. Identification of breathing curves and peaks. The vertical axis represents respiratory volume (arbitrary 
units), and the horizontal axis represents time (seconds). For each respiratory cycle, the peak time (Tp) and 
bottom time (Tb) of the respiratory curve are identified. In respiratory measurements using a thermistor, when 
the vertical axis of the graph indicates temperature, it represents changes in temperature during respiration. A 
thermistor utilizes the characteristic that its resistance changes as temperature changes when exhaled air passes 
through it, and this change is read as temperature. 

Then, we will explain the heart rate variability (HRV) analysis. HRV was analyzed by extracting 
the time series of RR intervals from the electrocardiogram signal, resampling at 2 Hz, and then 
performing a fast Fourier transform (FFT) to calculate HRV parameters in the frequency domain. 
Resampling RR interval data at 2 Hz before HRV analysis is essential to convert the irregularly spaced 
heartbeat intervals into a uniformly sampled time series, which is required for frequency-domain 
analysis such as the fast Fourier transform (FFT). This process enables consistent computation of 
spectral power in defined frequency bands (VLF, LF, HF). The 2 Hz rate is sufficient to capture the 
dynamics of typical heart rate variability without unnecessary oversampling. Although interpolation 
may introduce minor distortions, it allows for standardization across data and improves 
comparability and stability in HRV feature extraction. 

The electrocardiogram signal was measured using a Biotope Mini (East Medic Co., Ltd., Japan). 
HRV parameters were calculated from the obtained electrocardiogram signal. 

• Very Low Frequency (VLF) power: Reflects long-term regulatory mechanisms such as 
thermoregulation and the renin-angiotensin system. 

• Low Frequency (LF) power: Represents a mix of sympathetic and parasympathetic activity, 
associated with baroreflex sensitivity. 

• High Frequency (HF) power: Indicates parasympathetic (vagal) activity and is closely related to 
respiratory sinus arrhythmia. 

• LF/HF ratio: Commonly used as an index of sympathovagal balance. 

The data was visualized by creating scatter plots for 5-min and 3-min intervals to examine 
individual differences in the change in respiratory balance over time. For the 3-min measurements, 
the first and last 1-minute segments were excluded from the analysis to minimize the effects of initial 
adjustment and ending anticipation, focusing instead on the stable middle portion. 

2.3. Data Processing and Analysis 

The respiratory waveform was analyzed to determine the inhalation-to-exhalation (i/e) ratio and 
its variance. The inspiratory and expiratory phases were identified using signal peak detection. HRV 
was calculated from ECG signals using standard time-domain and frequency-domain methods. The 
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low-frequency to high-frequency (LF/HF) ratio was used as an index of autonomic nervous system 
balance, particularly in relation to sympathetic and parasympathetic activity. For heart rate 
variability (HRV) analysis, R-peaks were detected from the ECG signal using a Pan–Tompkins 
algorithm; the RR intervals (time between successive R-peaks) were extracted, and outlier detection 
was performed to remove ectopic beats or noise-induced artifacts. Time-domain metrics the standard 
deviation of NN intervals (SDRR) were calculated. All analyses were conducted using Python 3.6.3 
with appropriate signal processing libraries (Figure 2.). 

 
Figure 2. Block diagram for measurement and analysis. 

2.4. Statistical Analysis 

All statistical analyses were performed using IBM SPSS Statistics (v28). Descriptive statistics 
were used to summarize the respiratory and HRV data. Correlation analyses were conducted to 
examine relationships between the i/e ratio and HRV indices. A significance level of p < 0.05 was 
considered statistically significant. 

3. Results 

Figure 3 shows the respiratory curve, ECG, and the visualization of the spectrum. Figures 4 and 
5 show the scatter plots of T(inspiration) and T(exhalation) of six subjects analyzed for 5 and 3 
minutes, respectively. T indicates the length (time) of inhalation and exhalation. It was demonstrated 
that the duration of inhalation varied more than that of exhalation. 

Tables 1 and 2 show the ratio of T(inspiration) to T(exhalation) (5 minutes and 3 minutes), 
respectively. A paired t-test showed that the inhalation time was significantly longer than the 
exhalation time in 5 subjects, except for one. The standard deviation of the inhalation time was also 
larger than that of the exhalation time. In 5 subjects, except for one, the ratio of the inhalation time to 
the exhalation time was 1.074-1.423. In addition, one of the subjects had an extremely slow respiratory 
cycle compared to the other subjects. 

The analysis results of the HRV parameters for each subject are shown in Tables 5 and 6. One of 
the six subjects had a large LF/HF value.  

When calculating the ratio of inhalation to exhalation (i/e ratio), one of the 6 subjects had a longer 
exhalation than inhalation. As a result, the i/e ratio was less than 1 (subject number 4). In addition, of 
the six subjects, only one (subject number 5) had an LF/HF (low frequency/high frequency) ratio less 
than 1, indicating that parasympathetic nerve activity was dominant over sympathetic nerve activity 
(the i/e ratio of subject 5, inspiration was longer than expiration). 
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(a) 

 

(b) 

Figure 3. Visualization of ECG and respiratory curve and frequency analysis. The top of figure (a) shows the 
electrocardiogram signal (blue line), and the bottom (red line) shows the respiration curve. Both are in units of 
the vertical axis [mv] and the horizontal axis [sec]. The black vertical lines in the respiration curve (red line) 
detect the peaks and bottoms. Figure (b) shows the power spectral density function of the respiration curve. 
The frequency of human breathing is generally considered to be 0.25 Hz, or about 15 breaths per minute. This 
is a value that is of interest as a frequency component in heart rate variability analysis, as respiration and heart 
rate fluctuations are related. 0.25 Hz (4 second period) is one of the main elements that make up the HF 
component (high frequency component) of heart rate variability. 

 

Figure 4. Scatter plot of T(inspiration) and T(exhalation) (5 min) [N=6]. Scatter plots for six subjects are shown; 
the upper row shows subjects 1, 2, and 3, and the lower row shows subjects 4, 5, and 6. The vertical axis shows 
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exhalation (seconds) and the horizontal axis shows inhalation (seconds). There are individual differences in the 
way inhaled and exhaled air is dispersed, and it is greater variance during inspiration. 

 

Figure 5. Scatter plot of T(inspiration) and T(exhalation) (3 min) [N=6]. Scatter plots for six subjects are shown; 
the upper row shows subjects 1, 2, and 3, and the lower row shows subjects 4, 5, and 6. 

Table 1. Ratio of T(inspiration) to T(exhalation) (5 minutes). 

Subjects 

Inspiration 
 [sec] 

Exhalation  
[sec] p-value 

(Insp. vs 
Exha.) 

Insp./Exha.  
[ratio] Insp. 

+Exha.  
[sec] 

Peak  
power  
[ratio] 

Peak  
Frequency 

 [Hz] (Coefficient of 
variation) 

(Coefficient of 
variation) 

(Coefficient of 
variation) 

1 
2.006±0.267 1.425±0.152 

<0.001 
1.423±0.230 

3.431 0.0626 0.282 
-0.132 -0.106 -0.162 

2 
1.828±0.386 1.360±0.260 

<0.001 
1.418±0.474 

3.188 0.0485 0.275 
-0.21 -0.19 -0.334 

3 
2.322±0.585 2.041±0.184 

<0.001 
1.138±0.266 

4.363 0.0409 0.21 
-0.25 -0.089 -0.234 

4 
1.591±0.288 1.843±0.151 

<0.001 
0.865±0.145 

3.434 0.0638 0.237 
-0.18 -0.082 -0.168 

5 
2.133±0.370 1.958±0.135 

<0.001 
1.074±0.160 

4.091 0.0938 0.244 
-0.172 -0.067 -0.149 

6 
5.655±1.096 3.871±1.558 

<0.001 
1.667±0.577 

9.526 0.0644 0.103 
-0.191 -0.402 -0.346 

Table 2. Ratio of T(inspiration) to T(exhalation) (3 minutes). 

Subjects 

Inspiration 
 [sec] 

Exhalation 
 [sec] p-value 

(Insp. vs 
Exha.) 

Insp./Exha. 
 [ratio] Insp. 

+Exha.  
[sec] 

Peak  
Power 

 
[mV2] 

Peak  
Frequency 

 [Hz] (Coefficient of 
variation) 

(Coefficient of 
variation) 

(Coefficient of 
variation) 

1 
1.963±0.273 1.395±0.110 

<0.001 
1.414±0.216 

3.358 0.091 0.282 
-0.139 -0.079 -0.153 

2 
1.912±0.252 1.352±0.245 

<0.001 
1.462±0.348 

3.264 0.057 0.289 
-0.132 -0.181 -0.238 

3 
2.342±0.606 2.068±0.205 

0.011 
1.135±0.282 

4.41 0.033 0.214 
-0.259 -0.099 -0.248 

4 
1.643±0.250 1.885±0.130 

<0.001 
0.873±0.129 

3.528 0.116 0.237 
-0.152 -0.069 -0.148 

5 2.113±0.360 1.955±0.152 0.003 1.080±0.157 4.068 0.127 0.214 
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-0.17 -0.078 -0.145 

6 
6.069±0.970 3.370±.610 

<0.001 
1.833±0.326 

9.439 0.127 0.099 
-0.16 -0.181 -0.178 

Table 3. HRV Parameter Calculation Results (5 min). 

Subjects RRI 
 [ms] 

SDRR  
[ms] 

VLF [ln,ms2] LF  
[ln,ms2] 

HF 
 [ln,ms2] 

LF/HF  
[ratio] 

1 609 18 4.57 4.37 3.09 3.59 
2 805 36 6.73 4.98 3.83 3.15 
3 781 23 5.73 5.28 4.32 2.63 
4 602 18 5.32 3.68 3.48 1.22 
5 741 63 6.7 6.91 7.24 0.72 
6 810 34 4.9 6.8 4.19 13.57 

Table 4. HRV Parameter Calculation Results (3 min). 

Subjects 
RRI 

 [ms] 
SDRR 
 [ms] 

VLF  
[ln,ms2] 

LF  
[ln,ms2] 

HF  
[ln,ms2] 

LF/HF 
 [ratio] 

1 599 13 4.18 4.47 2.44 7.67 
2 782 29 6.69 5.84 3.83 7.44 
3 782 25 5.83 5.47 4.57 2.47 
4 593 14 4.83 4.26 3.46 2.21 
5 730 59 5.27 6.06 7.25 0.3 
6 808 30 4.92 6.78 4.03 15.54 

Table 5. Correlation between T(i)/T(e) and HRV parameters (5 min). 

HRV index RRI SDRR VLF LF HF LF/HF 

r 0.481 -0.007 -0.292 0.396 -0.252 0.806 

p-value 0.331 0.998 0.5738 0.435 0.63 0.053 

Table 6. Correlation between T(i)/T(e) and HRV parameters (3 min). 

HRV index RRI SDRR VLF LF HF LF/HF 

r 0.518 -0.029 0.01 0.63 -0.277 0.944 

p-value 0.292 0.956 0.985 0.184 0.596 0.005 

 

(a) 

 
(b) 
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(c)  

 
(d) 

Figure 5. Respiratory curve, HRV time series, and RRI and respiratory power spectrum of a subject with a 
respiratory cycle of 10 seconds (0.1 Hz). Figure (a) shows the respiration curve (red line), (b) shows the HRV 
time series (blue line), (c) shows the power spectrum of the heart rate RR interval (RRI), and (d) shows the power 
spectrum of the respiration curve. (a) The vertical axis represents mV, and the horizontal axis represents time. 
(b) The vertical axis represents ms, and the horizontal axis represents time. (c) The vertical axis represents ms2, 
and the horizontal axis represents frequency (Hz). (d) The vertical axis represents mV2, and the horizontal axis 
represents frequency. 

4. Discussion 

In this study, we investigated the variability and ratio (i/e ratio) of inspiratory and expiratory 
times, as well as heart rate variability (HRV) parameters, in six healthy subjects using a thermistor-
based respiratory sensor and electrocardiogram (ECG) measurements. 

The autonomic nervous system consists of two types, the sympathetic and parasympathetic 
nervous systems, which regulate the internal environment of the body. Breathing and the autonomic 
nervous system are closely related, and breathing techniques can regulate the autonomic nervous 
system. Shallow breathing is known to activate the sympathetic nervous system, which increases the 
heart rate and blood pressure, while deep breathing activates the parasympathetic nervous system, 
which calms the heart rate and lowers blood pressure. Breathing is controlled by the autonomic 
nervous system, but it is also the only function that can be consciously adjusted. Therefore, breathing 
techniques can control the autonomic nervous system to a certain extent. The quality of breathing is 
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important for maintaining health, and breathing techniques that regulate the autonomic nervous 
system include abdominal breathing and breathing techniques that extend the exhalation time. 

It is generally understood that an LF/HF (low frequency/high frequency) ratio less than 1 
indicates a state in which parasympathetic nerve activity is dominant over sympathetic nerve activity. 
This is because LF (Low Frequency: 0.04-0.15 Hz) is mainly a mixture of sympathetic and 
parasympathetic nerve activity, with the sympathetic nerve being particularly influential. On the 
other hand, HF (High Frequency: 0.15-0.4 Hz) corresponds mainly to parasympathetic (vagus) nerve 
activity. Respiratory fluctuations are the main component. The LF/HF ratio is considered to be an 
index of autonomic nerve balance [11–19]. 

In this study, the balance of natural spontaneous breathing in six subjects was analyzed in 
combination with HRV indices. One of the six subjects had a longer expiration than inspiration (i/e 
<1), and one subject had LF/HF < 1. However, these two subjects did not match. This result is novel 
because it is believed that the autonomic nerves of healthy people without underlying diseases can 
be regulated by breathing. However, interpretation of LF/HF has long been difficult because it is 
greatly influenced by individual differences and measurement conditions (posture, breathing, 
measurement time, etc.) [20–22]. 

These results indicate that individual differences in breathing patterns and autonomic nervous 
system patterns exist even under similar conditions, emphasizing the necessity of personalized 
evaluation approaches in physiological research. This is because the results of this study suggest that 
the i/e ratio and LF/HF ratio are not necessarily directly correlated. 

Furthermore, while deep or slow breathing typically enhances parasympathetic activity, this 
relationship is complex and may be influenced by factors such as mental state and individual 
differences, even when posture is standardized to a seated position. Subject 6 had a long respiratory 
cycle with a frequency of 0.1 Hz. For such subjects, careful interpretation and correction are required 
to estimate the autonomic nervous state from HRV analysis. The HF component (0.15–0.4 Hz) is 
mainly derived from respiratory sinus arrhythmia (RSA) and is considered an index of 
parasympathetic nervous activity. However, since the HF band corresponds to approximately 9–24 
breaths per minute (4–6 s cycle), if the respiratory cycle is too long, RSA will not be included in the 
HF band and will not appear in the HF band. In fact, subject 6's respiratory cycle is longer than 10 s 
(= 0.1 Hz or less), so the effect of RSA appears in the LF band (0.04–0.15 Hz). In this case, the HF 
component decreases, which may be mistakenly interpreted as a decrease in parasympathetic 
nervous activity. Possible solutions include measuring and correcting respiratory frequency (for 
example, finding RSA peaks individually and correcting the HRV spectrum) or using indices that are 
not dependent on frequency band (time domain indices, nonlinear indices). However, this suggests 
the importance of measuring under conditions where breathing is constantly controlled (paced 
breathing). 

The finding that the inspiratory phase is significantly longer than the expiratory phase is 
consistent with previous studies conducted under spontaneous breathing conditions [23–27]. 
Additionally, several studies have reported that expiratory duration is longer and more variable in a 
relaxed awake state [28,29]. This study further supports these observations and enhances the 
reliability of the claims by using quantitative data from different time windows (3 minutes and 5 
minutes). Furthermore, HF indices of HRV are known to reflect parasympathetic (vagus nerve) 
activity associated with respiratory sinus arrhythmia (RSA) [30–38]. These studies have also been 
applied to the screening of sleep disorders. 

This study has several limitations. First, the sample size was small (n = 6), limiting the 
generalizability of the results. Second, although breathing was spontaneous, no control over 
breathing depth was applied, potentially introducing confounding variables. Additionally, the 
analysis was conducted over a short time frame (3–5 minutes), which may have prevented the full 
capture of long-term trends or adaptive responses. However, this 5-minute measurement yielded 
interesting results. In previous heart rate variability studies, the LF/HF ratio has been considered an 
indicator of stress or relaxation. However, this study demonstrated that even when posture was 
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standardized to a seated position, there was significant individual variation, and that even when the 
i/e ratio of breathing was less than 1, the LF/HF ratio was not necessarily low. 

Future studies should expand the sample size and conduct experiments that include breathing 
control tasks to more accurately assess the causal relationship between breathing patterns and 
autonomic nervous system dynamics. Additionally, combining respiratory data with additional 
physiological indicators such as blood pressure or skin conductance may provide a more 
comprehensive understanding of individual autonomic profiles. Finally, applying machine learning 
approaches to model trends in i/e ratios and HRV data under diverse conditions may provide new 
insights into health monitoring and stress detection using respiratory and heart rate indicators. 

This study highlights the subtle interplay between respiration and autonomic nervous system 
function and emphasizes the importance of considering individual differences in physiological 
assessments. 

5. Conclusions 

This study analyzed respiratory patterns and heart rate variability (HRV) in six healthy subjects 
using wearable sensors. The findings revealed that, in most subjects, the duration of inhalation was 
significantly longer and more variable than that of exhalation, with i/e ratios ranging from 1.074 to 
1.423. One subject, however, exhibited a longer exhalation period, resulting in an i/e ratio of less than 
1. Additionally, HRV analysis showed that only one subject had a low LF/HF ratio (<1), indicating 
dominant parasympathetic activity. These results suggest that while inhalation tends to dominate in 
duration and variability under resting conditions, individual differences in respiratory and 
autonomic responses are notable. This highlights the importance of personalized analysis in 
physiological monitoring. 
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